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ABSTRACT. 


Deposits of uranium and thorium have characteristics of mineralogy 


and geologic occurrence with geographic distribution pattern that facilitates 
estimating the resources in each type. Positions for known geographic 
occurrences are shown on maps and the geologic control over the distribu- 
tion for each type is reviewed in the text. Aggregate abundance in the 
earth is about that for tin and theoretical difficulty of recovery from large 
deposits would appear to be slightly less than for silver. Amount and ex- 
pense incurred in recovery would seem to place uranium and thorium along 
with the high priced industrial metals rather than the rare or precious 
elements. 


Occurrences are classified under primary or hypogene types, sedimentary 


or bedded deposits, and oxidized bodies. At present the primary deposits 
are the principal source of supply and currently only mesothermal lodes 
seem to have productive value. For the future, all varieties of sedimentary 
occurrences give promise of large sustained production at reasonable cost. 
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Geographically the southern’ parts of the land hemisphere seem better pro- 
vided with concentrations of these elements than the northern land mass. 

Primary uranium deposits are either in massifs or close to the margin of 
Shields. The center of Shields has no known or indicated concentrations. 
Furthermore, economical lode deposits are unknown in a uraniferous peg- 
matite province. Thorium in significant amounts comes almost exclusively 
from monazite and has a more varied structural distribution than uranium. 
Uranium and thorium are more abundant than gold in most alluvial deposits 
and the ratio is large in many instances. Marine beds, which accumulated 
very slowly at high pH (hydrocarbon and phosphorite bearing strata which 
interrupt the organic food cycle) have above average uranium. Some of 
these marine deposits and many lake beds and soil layers of steppe climate 
have the contained uranium reconcentrated slightly when concretion-form- 
ing processes affect them. 

Concentrations of oxidized uranium mineral occur in the pedalfer type 
soil areas where acidity declines at depth; it appears in the pedocal type soil 
areas at the surface or at the watertable in the special instance where acidity 
is sustained by oxidation of sulphide masses. Source of uranium can be in 
either primary hypogene minerals or in sedimentary deposits. Known de- 
posits of oxidized uranium ores have less than 50 tons of U,gOx. General 
indications are that. such occurrences wilt not contribute significantly to 
world supply. 

INTRODUCTION. 


THE geology of fissionable materials penetrates to the very heart of the atomic 
energy problem. If uranium and thorium are available only in limited amounts 
to be guarded jealously, they may continue to be only a material of war, suitable 
for dealing death; should they exist in that abundance, expected of industrial 
metals, they might be produced for prosperity and be used in launching a new 
era of life. My hope and faith is in the latter and this assessment of the world 
occurrence for these elements should be our hope for prosperity, not an end to 
human progress. Geology of the fissionable materials includes their general 
abundance in the earth as well as the degree of concentration in specific deposits, 
the probable cost of production, and some potential methods of recovery from 
rock. The types of deposits, their characteristic distribution in relation to the 
broader geological structures, and the ore pattern within specific occurrences 
is treated in detail. The capacity of some geographic occurrences to yield ura- 
nium and thorium supplies is outlined. 

General Statement of Resources —Consumption of hundreds of tons of ura- 
nium and thorium annually would soon exhaust present sources and make these 
expensive metals. Demand for thousands of tons annually should see the cost 
stabilized at about that of silver, with the supply in the earth somewhere near 
that for tin. So it is to deposits than can yield thousands of tons that interest 
should turn and one ton producers can be dismissed now as essentially in- 
consequential. 

The basic ideas on production assume a uranium value of about $5.00 to 
$10.00 per pound of UsQs ina simple salt of reasonably high purity. This may 
be achieved about as easily by a large scale operation on low grade rock as by a 
small scale operation on high grade rock; the former is definitely the more de- 
pendable source. Achievement of this goal is no more established now than was 
cyanidation of low grade gold ores in 1885 or successful recovery of porphyry 
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coppers a reality in 1910 yet the general concentration principles for uranium 
extraction are about as set now as in either of the above examples at the dates 
mentioned. 

The grouped ideas concerning uranium and thorium resources and their 
utilization are like a cable. Each of the three strands has many threads. The 
threads make the cable but it is hard to realize the cable is in the making until 
it is finished; so it is in this case. For this reason the full theme is presented 
before its individual components are described. First, fissionable materials need 
to be produced in thousands of tons annually for industrial use. Second, the 
supply may be expected to come principally from large low-grade deposits. 
Third, the deposits should be susceptible to operation at low cost and with min- 
imum supervision. Each of these principal strands needs exposition before en- 
tering upon details of world resources and mapping out the distribution pattern. 

Uranium resources are measured in millions of tons if large regular deposits 
containing upwards of 1% pound per ton are considered workable. At $10.00 
per pound of UsQs, the value of contained uranium exceeds that of porphyry 
coppers and a few large gold operations. Thus, enough metal appears available 
to assure supplies that might be required to take advantage of research dis- 
coveries. On the other hand developments seem to assure a definite use for 
uranium produced at say $10.00 per pound. 

Further study of the long history for iron shows almost immediate need for 
transfer of fissionable material from military to industrial use, from sword to 
ploughshare as a defense measure. While iron was used for swords and was 
available in amounts adequate only for swords, raiding armies swept back and 
forth over the cultured world. Under the Romans, iron was produced for nails 
to build houses, straps to bind wheels of vehicles, chains that were not all used 
for bondage, and the world prospered for almost a 34 of a millennium. Ura- 
nium for power is in its way, and for this day, what iron was in that yester- 
year. Industrial uranium is necessary soon if man’s decision is for peace and 
progress, not war and waste again in this generation. 

General Types of Occurrence and Content.—Thorium and uranium are dis- 
tributed widely. Only monazite is known to have thorium in significant total 
amount ; it is known as rich concentrations of large size only in alluvial deposits. 
Uranium has now principal attention and greatest variety in known types of 
occurrences ; heretofore pegmatites, mineral veins and carnotite-bearing sand- 
stones or surface oxidation products from these have been considered as the 
principal uranium carriers; but other modes of occurrence will certainly out- 
strip these in future production. 

Pegmatites are small and content rarely reaches 15 pound per ton; by- 
product yield, limited as it is by need for feldspar, quartz, lithium and mica, is 
inconsequential. A lode deposit which will produce 10 tons of UsOx per meter 
of depth is unique and even 1 ton per meter of depth is exceptional; vein de- 
posits, for good reason, rarely have a depth range of 500 meters so that large 
supplies for a long period are not expected from such a source. 

Very large deposits containing 4% pound upwards of UsQOs per ton of rock 
occur in such bituminous strata as the Cambro-Ordovician age shales of south- 
ern Sweden and Russia, and with some alluvial gold and tin deposits. Only 
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slightly less rich, are certain zones in late Devonian age shale of Kentucky and 
adjacent states. The phosphatic shale deposits of Permian age in the north- 
western states are another important source. These deposits have great size 
and regularity. The carnotite-bearing sandstone type of deposit in the Colorado 
plateau and in the Ferghana region of Russia is very irregular and to date no 
geophysical method has been devised to discover the ore shoots beneath even 
a few feet of overburden. Monazite averages about 1 part of UsOg for each 50 
parts of ThOs and some monazite alluvials have other refractory uranium min- 
erals ; therefore monazite-bearing placer deposits of Brazil, India and all south- 
east and eastern Asia are a not inconsequential source for uranium. 

The enriched oxidized ores have been singularly disappointing sources ; they 
occur principally where extremely sparse uranium is leached from rock by acid 
surface water and is precipitated at low hydrogen ion concentration by lime- 
stone, alkaline groundwater, or phosphatic rock. They are known in Bulgaria, 
Portugal, the Ferghana region of Russia and in New Mexico. Characteristi- 
cally the deposits have about 0.25% UsQs. 

Capacity of Some Geographic Occurrences.—Pegmatites are nowhere large 
producers of low cost fissionable materials. This characteristic discourages in- 
terest in Ontario, Karelia, Madagascar, Southwest Africa and northeastern 
Asia, except for possible alluvial concentrations from them. Furthermore vein 
deposits, mentioned below, never occur in any ore province with numerous 
uraniferous pegmatites. Katanga has the only known lode deposits that can be- 
gin to meet presumptive industrial requirements; the combined output of all 
other lodes could not be significant. Thus so long as pegmatites and lodes are 
uppermost in the mind of man, military use of fissionable material will remain 
paramount. However the above geologic sources should soon give way to 
larger ones. 

The Swedish Cambro-Ordovician age shales with 4% pound per ton ? have 
1,800 metric tons of UsOx per square kilometer under at least 400 square kilom- 
eters. Likewise impressive is the indirect evidence from the green diamonds 
of the Rand Banket, that, unwittingly the mills may have been passing many 
tons of U;QOs to the dumps.* Most bituminous shales are uraniferous and ex- 
tensive deposits are reported both in the Leningrad district of Russia and in 
the United States and may be expected in many other places, particularly the 
petroleum areas of the world. All of these deposits are regular and susceptible 

2 Since this article was written, a statement has appeared stating that some portion of the 
Swedish shales have been reported to contain as much as 0.5 percent uranium. This statement is 
partly true but altogether misleading, since it applies only to nodules of hydrocarbon called kolm, 
distributed as widely separated and concretionlike masses through the Peltura scaraboides zone of 
the alum shales. No authoritative report of shale with mineable thickness indicates a content 
above 0.05 percent U,O, 

3 A high uraninite content in the heavy mineral fraction of the Witwatersrand ores was iden- 
tified during the author’s study of gold ores collected from the Kimberley Reefs in 1941. Previ- 
ously Cooper had identified insignificant amounts in 1926. One discovery specimen was returned 
to the Transvaal Museum in 1945 and the others were kept at Amherst College. Simpson an- 
nounced recently, what the mineralogical study had revealed, that “Uranium is a more common 
constituent of the Witwatersrand System than gold,” and published a series of radioactivity logs 
and data from which the actual uranium content can be calculated. 


Simpson, D. J., and Bouwer, R. F., Radioactivity logging: Geol. Soc. South Africa Trans., 
vol. 53, March 1950 (preprint) 








278 GEORGE W. BAIN. 


of mining at low cost with minimum supervision. The main problem is produc- 
tion of an enriched product. German metallurgists attempted froth flotation of 
the metal content of oil shales during the war but were unsuccessful and it ap- 
pears that some leaching technique would be essential as at least one stage in the 
extraction of uranium. Separation of a uranium-bearing leach liquor from the 
argillaceous slime will be difficult and expensive, particularly in cold northern 
climates ; but it is not impossible. Thus the low-grade bituminous deposits ap- 
pear as one likely supply for industrial requirements. The inimitable mineral 
wealth of the Union of South Africa and its Witwatersrand almost certainly 
is another. 

The oxidized ores are limited mostly to surface leached zones ; few extend 
to over twenty meters depth. In a majority of instances the uranium came 
from overlying bituminous shales and the ores cease altogether at shallow depth. 
Grade rarely exceeds 0.25% UsOs; some hand dressing is usually practised. 
Only the unusual deposit at Bukhovo, in Bulgaria, gives promise of yielding 
even 30,000 tons of mineralized rock. At even 80 percent recovery only 60 tons 
of UsOg would be expected and this could have no great influence upon world 
supply. 


GEOLOGICAL ASSOCIATIONS OF URANIUM. 


The geological aspect of uranium occurrence covers the probable ways that 
the element may occur in nature. The mineral carriers, the geographic distri- 
bution pattern for all carriers, and the geologic influence upon local concentra- 
tion are considered. From this statistical and background data, a statement is 
prepared to set forth not only the known supplies but the expectable resources 
for the future. Thus, this account presents the world state both now and as it 
is expected to develop in the years immediately ahead. The errors of the ex- 
plorer become obvious as he looks upon his journeys in retrospect and by the 
fool he is criticized for them. All “charts,” even though poor, are necessary to 
assess the relatively unknown; every engineer must realize that present infor- 
mation does not encompass all knowledge and dependence must be placed upon 
the expectable as well as allowance made for the unexpected. Some of that un- 
known holds great possibilities ; some of it is a mineral desert. In making this 
assessment, I use all “charts” that my geological experience, mining training and 
ore dressing instruction offers, with the full realization of their individual short- 
comings and the hope that their combined information is nearly adequate. But 
even as early estimates for petroleum have been modified, so change in this 
evaluation of this new power source, uranium and thorium, is anticipated ; but 
may the error be less. And as in the case for petroleum, it is very doubtful 
whether entirely new regions—as distinct from deposits—or new types of hold- 
ing structures are apt to be listed. 


Identification of Uranium and Thorium. 


Most uranyl salts and minerals fluoresce, subject to the quenching effect of 
other heavy metals. A solution of uranium minerals in sulphuric acid, evapo- 
rated to dryness fluoresces. Likewise a uranium-bearing mineral decomposed 











—_— we Vs 


of 
1O- 
ed 





GEOLOGY OF THE FISSIONABLE MATERIALS. 279 


by fusion in a lithium or sodium fluoride bead will usually cause the bead to 
fluoresce in ultraviolet light. Heavy rare earths, tungsten and molybdenum 
interfere with this test. The particles emitted by radioactive decomposition 
will discharge an electroscope, activate a Geiger-Muller tube or induce phos- 
phorescence on specially prepared zinc sulphide. The above methods are 
adapted to field use and a wide variety of other methods may be used in the 
laboratory. Thorium is obtained almost exclusively from monazite and it is 
identified by the carrying mineral or by radioactivity. 

Proximity of uranium and thorium in amounts over 0.01% equivalent Us3Ox 
is indicated by unusual colors in certain neighboring minerals ; radioactive min- 
erals do not cause these effects always but do so in enough cases to make them 
useful. Near uranium minerals quartz is turned smoky, diamond becomes 
green, coarse calcite assumes a pink color and fluorite turns deep purple. Green 
monazite is highly uraniferous although uraniferous monazite is not always 
green. Near thorium minerals, quartz becomes rose colored. Feldspar has a 
strained halo of reddish color around primary uranium or thorium minerals. 
Primary uranium and thorium minerals have high specific gravity and usually 
remain in the pan concentrate along with magnetite, ilmenite, zircon and other 
heavies familiar to the placer miner. Magnetic attraction is so weak that even 
a powerful hand magnet fails to remove the uranium and thorium varieties. 


The Uranium and Thorium Minerals. 


Most field geologists are familiar with about ten uranium- and thorium- 
bearing minerals. Actually over one hundred minerals are recognized and at- 
tempts have been made to recover these at one place or another. A few are 
primary minerals including the black oxides—usually referred to as uraninite 
and pitchblende—and a brownish to black group of minerals—referred to as 
the refractory columbotantalates. The largest number of species are secondary 
uranyl salts including the bright yellow vanadates—referred to as carnotite— 
and the so-called bright oxides which are principally yellow and green phos- 
phates, silicates and sulphates. Most uranium minerals have over 5% U3QOs 
but thorium-bearing monazite, zircon and allanite have hundredths to tenths 
of a percent. 

Hypogene uranium deposits include both veins and pegmatites but verified 
metasomatic replacements and disseminations are a curiosity. Only one min- 
eral, namely uraninite or the botryoidal form pitchblende, is known from veins.‘ 
Pegmatites have at least four ordinary oxide minerals and twenty-six additional 
refractory sorts. The ordinary ones are all simple oxides and include brogger- 
ite, cleveite, uraninite, uranothorianite. The refractory minerals include the 
columbotantalates, the titanoniobates and the complex titanates. Examples of 
columbotantalates include samarskite, the fergusonite series, the pyrochlore- 
microlite series, yttrotantalite and ishikawite.. The titanoniobates, columbo- 
tantalates and complex titanates list the euxenite-polycrase series, the eschynite- 





4 Vein uraninite has less than 0.25 percent ThOz; pegmatite uraninite, from over ths of the 
reported localities, has 2 percent or more ThOz. This is a useful characteristic in identifying 
origin of specimens from casual collections. The refractory minerals are exclusively from peg- 
matites or pegmatite-like deposits. 
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priorite series and betafite series. Every hypogene mineral has been recognized 
in some alluvial deposit and the very refractory titanoniobates and complex 
titanates appear with greatest frequency. Monazite is a hypogene rare earth 
phosphate which carries thorium and generally significant uranium; it is suffi- 
ciently refractory to appear in most alluvial deposits derived from pegmatite 
areas. 

Uranium appears in a wide variety of supergene minerals including hydrous 
oxides, carbonates, sulphates, phosphates, arsenates, vanadates, and silicates, in 
fact combined with almost any negatively charged ion appearing in ground- 
water. Uranium separates from solution, at pH 5 to 6 which is encountered in 
the parent material zone of most mature soils, and combines with whatever 
negative icn happens to be available. Reduction of ionization by H2S derived 
from bituminous shale and sulphide ores introduces a special case; no natural 
uranium sulphide has been recognized; the uranium separates out under these 
circumstances as a sooty black oxide, usually earthy but occasionally in firm 
botryoidal pitchblende. Most supergene uranium minerals are yellow, orange 
or emerald green. Well known hydrous oxides (8) * are becquerelite and curite. 
Schroeckingerite and sharpite are the most frequent carbonates (4). Zippeite 
and uraconite are typical sulphates (8). Practically every collection has the 
phosphates (14) autunite and torbernite, the arsenate (4) trogerite, and zeun- 
erite, and the vanadates (4) tyuyamunite and carnotite. The silicates (10) 
soddyite, sklodowskite and uranophane are widely distributed. Thucolite, 
kolm and a variety of other asphaltic compounds seem to be black oxide of 
uranium dispersed through the hydrocarbon. 


Distribution of Uranium and Thorium. 


Uranium has wide geographic distribution yet each type of deposit is re- 
stricted in areal occurrence. Primary deposits are confined to favorable metal- 
lographic provinces and are not dispersed beyond the province li nits by any 
metallogenetic episode of dissimilar pattern; distribution appears to be con- 
trolled by inherent original differences in components of the earth. «il second- 
ary deposits owe their position to genetic factors and their uranium was diverted 
into one restricted area by chemical or structural controls related to surficial 
agencies ; solution and movement is enhanced by acidity ; precipitation is almost 
certain at pH 5.2. Diversion into some secondary deposits was due to depression 
of hydrogen ion concentration ; locally this functioned due to oxygen deficiency 
in the presence of hydrocarbons or sulphides and elsewhere was caused by 
strong positively ionized substances like alkali carbonates or even excess lime ; 
in places a precipitant like vanadium or phosphorus unstabilized a solution al- 
ready near saturation. Bituminous shales by adsorption gather uranium, van- 
adium, and other metals during sedimentation as in the alum shales of Sweden. 
Abundant calcium neutralized acid sulphate solutions from a bituminous shale 
at Tyuya Muyun. Vanadium and phosphorus precipitated the uranium in some 
bedded carnotite and autunite deposits and in the phosphorites. Lastly signifi- 


* The number in parenthesis indicates the number of mineral species of this type occurring 
with high frequency in deposits. 
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cant mechanical concentration of thorium-bearing monazite, and less commonly 
of uranium minerals, occurs from diffuse primary deposits into rich alluvials ; 
tropical zone and beach placers have lost less uranium than those formed in the 
more acid northern rivers. 

The search for uranium in primary and alluvial deposits ought to be guided 
by the metallographic province pattern. Bedded deposits are in formations rich 
in bituminous matter or associated with vanadium and phosphorus precipitants. 
The oxidized ores are almost exclusively phosphates or vanadates and may be 
expected either to follow the distribution of the vanadiferous and phosphatic 
rocks, or to be in the alkaline soil horizons. 

The Primary Mineral Distribution Pattern——The occurrences of primary 
uranium minerals recorded in the literature ° are plotted on the world map (Fig. 
1). This distribution is considered under pattern, grade, and regions favorable 
for uranium. Low content minerals are distinguished from the significant con- 
tent ones and for all practical purposes the low varieties may be disregarded. 

Three features of the distribution pattern are outstanding. First refractory 
minerals are distributed rather generally through most crystalline rocks except 
those in the center of shields. Second, the center of shields is generally free 
from uranium minerals. Third, the principal uranium metalliferous provinces 
are on the periphery of shields or in large persistent massifs. 

The massifs and shield borders locally possess concentrated mineralization 
but generally exhibit diffuse mineralization. Pegmatites represent diffuse min- 
eralization supplying many museums but no mills, and such parts of a shield 
border are not known to have rich lodes. The Karelian S. S. R., Trans-Baikal 
regions, southern Norway, Ontario, Brazil, Southwest Africa, and the Central 
Massif of France represent such places. Conversely, shield borders or massifs 
with rich lode deposits almost everywhere lack uraniferous pegmatites. Great 
Bear Lake, the Katanga, the Bohemian massif, the Cornwall area, and the mid- 
western part of the Spanish Meseta are outstanding examples. Clearly those 
parts of shield borders and massifs which lack uraniferous pegmatites are more 
auspicious sites to search for rich lodes than are the places with abundant ura- 
nium localities. Pegmatite-type mineralization seems to scatter the uranium, 
whereas the lodes gather it into a very small space. 

In accord with the above, the absence of uraniferous localities within shields 
might suggest that the occurrences are concentrated and undiscovered, and that 
these are indeed good sites for lode deposits. Evidence does not support this 
possibility. The great mining districts of the Canadian Shield and the most 
intensively explored areas of it, lie in the interior; the periphery with all the 
known localities, has received least geological study. The same statement ap- 
plies to the Scandinavian Shield, the Australian Shield and the Rhodesian Shield. 
In addition, each of the shields has a locality which is generally favorable for 
concentration of any uranium that might exist there. The Canadian Shield has 
the Cobalt district with a type of mineralization most favorable for pitchblende 
deposition; none is there although the similar deposit on Silver Islet on the 
shield border has some radioactivity. Broken Hill (Northern Rhodesia) and 
Tsumeb (S.W. Africa) have vanadium and phosphate ores which would pre- 


5 See list'of references on primary mineral occurrences. 
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cipitate any uranium in the groundwater of their basins but not one uranium 
specimen is reported in the lists from these much studied localities. The phos- 
phatic iron ore bands at Kirunavaara and the phosphate minerals at Varutrask 
should have secondary deposits if any uranium was in the region yet only 4 rare 
specimens came from Varutrask and none from Kirunavaara. 

Elongate orogenic massifs like the Appalachian Mountains, most of the 
Rocky Mountain ranges in the United States, the Ilmen Mountains and the 
ranges of the Trans-Baikal region in Russia, the Japan arc, the Tenasserim and 
Malay ranges in southeast Asia and the Antsirabe Massif in Madagascar have 
furnished only pegmatite deposits, with a predominance of refractory minerals. 
The record from such regions is distinctly unfavorable for significant uranium 
supplies but may be a place for important alluvial concentrations, particularly 
of thorium minerals. 

From the point of view of distribution of uranium provinces, no primary 
deposits of consequence can be expected in a large part of Canada, Greenland, 
Scandinavia, Siberia, Australia, Brazil, and the Guianas. Short strips on the 
edge of some of the shields, and one or two massifs are inadequately known. 
Furthermore the great areas of plains country in South America, North Amer- 
ica, Siberia, and the European Russia are not places to find primary uranium 
mineral deposits. Equally unfruitful will be any search of the elongate orogenic 
strips of most of the Andes, the Western Cordillera, the Alpine chains and the 
ranges of east Asia. Other types of deposit may exist in some of these places, 
and will be considered later, but not the sort of deposit known at Great Bear 
Lake, Katanga, Joachimsthal, Cornwall or Portugal. In making an assessment 
of these possible but unexplored areas or areas not yet reported on in the litera- 
ture, resources should be allotted proportional to that equal area of productive 
territory. 

The Secondary Sedimentary Deposits—The sedimentary secondary de- 
posits have diverse origins and distribution control. Bituminous and phos- 
phatic shales, alluvial deposits, and carnotite-bearing sandstones represent the 
outstanding types. All have low uranium content and great areal extent (Figs. 
2and3). It is to these that industry must turn for principal future supplies. 

The source rocks for petroleum are highly radioactive due partly to thorium 
but principally to uranium and the daughter elements.® This uranium is a part 
of the original organic rich mud laid in brackish or salt water and adsorbed from 
it at pH 6 to 7.5. The uranium content is generally greater in strata that ac- 
cumulated very slowly rather than in those which were built up rapidly ; how- 
ever within formations that accumulated very slowly, highest content is gener- 
ally associated with greatest organic content without regard to thickness. The 
highest U;Os content is in the Cambro-Ordovician strata of southern Sweden ‘ 
where 17 m represents the total accumulation during’ all upper Cambrian time 
and in southern Ferghana where less than 10 m represents the deposit for most 


6 Russell, W. L., Relation of radioactivity, organic content and sedimentation: Am. Assoc. 
Petroleum Geologists Bull., vol. 29, pp. 1470-94, 1945. See list of references on sedimentary 
occurrences 

7 Westergard, A. H., Borrningar genom alunskifferlagret pa Oland och i Ostergotland 1943; 
Sveriges geol. undersdkning, ser. C., no. 463, p. 18, 1944. Borrningar genom Skanes alunskiffer 
1941-42; Sveriges geol. undersdkning, ser. C., no. 459, p. 13, 1944. 
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of the Silurian period.* These deposits accumulated on a foul-water, oxygen- 
deficient bottom where uranium solubility was far below that in ordinary oxy- 
genated sea-water ; uranium was adsorbed on the clay as phosphate and vana- 
date crystallites along with other metals. The precipitation would seem to have 
been extremely slow and significant amounts accumulated only where it was 
sustained for extremely long periods. Thus, it is the thin petroleum source 
rocks that are the most probable sources for extensive low-grade deposits of 
uranium and to a lesser extent for thorium and several incidental metals includ- 
ing copper, molybdenum, nickel, cobalt and vanadium. The thick source rocks 
of the California oil. fields are not an auspicious site for uranium but the thin 
source strata of the Midcontinent, Illinois-Indiana, and western Appalachian 
fields are. All the oil field and oil shale areas are suspect but only the thin 
shales hold much hope of yielding supplies of uranium. 

Alluvial deposits derived from pegmatite areas should and usually do have 
uranium minerals particularly of the refractory type. Xenotime and euxenite 
are recognized in considerable amount in the cassiterite concentrates of south- 
east Asia.® Fergusonite and samarskite have been identified in the alluvials of 
Korea, Manchuria and Japan.’ Brannerite is a constituent of the Boise Basin 
placers in Idaho.** Aeschynite is reported in the Fairbanks region of Alaska. 
The green diamonds in the Witwatersrand banket indicate that these ancient 
alluvials contain not less than 0.01 per cent UsOs.??_ All alluvials which are de- 
rived from areas where primary uranium or thorium minerals exist, or are ex- 
pected, should have these minerals in the placer concentrates. A usual ratio 
for monazite is about 100 times that of gold and about equal to that of cassiter- 
ite. Since uraninite, fergusonite, euxenite and other minerals are less abundant, 
a ratio of about 1/10 to 1/100 that of monazite is near average. The great al- 
luvial deposits of gold, cassiterite, and ilmenite which are derived from crystal- 
line rock (not volcanic) areas are a potential source for uranium and thorium. 

The carnotite bearing sandstones have carnotite in a limited stratigraphic 
horizon in the Colorado Plateau ** and in Ferghana ** where they have been 
studied. Within the favorable stratigraphic horizon in the Colorado Plateau, 
the rich deposits are concentrated on certain favorable structures called rolls. 
These rolls have the general internal structural characteristics of concretions 
and this mode of occurrence suggests a groundwater concentration of a diffuse 
mineral distribution through the host stratum. The carnotite sandstone occur- 

8 Fersman A., Geochemische Migration der element. Teil 2 Die uran-vanadium grube Tyuya 
Muyun in Turkestan: Abh. zur prakt. Geologie und berg., Halle, vol. 19, 86 pp., 1930. 

® Anonymous, Amang from the Federated Malay States: Imp. Insi. Bull., pp. 301-309, 1906. 
Amang from the Federated Malay States: Imp. Inst. Bull., vol. IX, pp. 99-102, 1911. Scrivenor, 
J. B., Geology of Malayan ore deposits, p .109, MacMillan and Co., London, 1928. 

10 Timori S., Samarskite found in the placer of Ryujomen, Korea: Inst. Phys. and Chem. Res., 
Tokyo, Sci. Papers, vol. 34, pp. 922-930, August, 1938. Kimura, K., Chemical investigations of 
Japanese minerals bearing the rarer elements: Chem. Soc., Japan, vol. 57, pp. 1195-1207, 1936. 

11 Hess, F. L., and Wells, R. C., Brannerite, a new uranium mineral: Franklin Inst. Jour., 
vol. 189, pp. 225-237, 779-780, 1920. 

12du Toit, A. L., Geology of South Africa, pp. 80-81, Oliver and Boyd, Edinburgh, 1939. 
Kunz, G. F., Mineral Resources of U. S. 1905, U. S. Geol. Survey, p. 1335. 

18 Fischer, R. P., Sedimentary deposits of copper, vanadium-uranium and silver in south-; 
western United States: Econ. Grot., vol. 32, pp. 922-951, 1937. 


14 Popov, V. I., (Trans.) On the discovery of analogies of the carnotite sandstone: Sovietskaya 
Geologiya, Moscow, vol. 9, nos. 4—5, pp. 32-39, 1939. 
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rences had their strata accumulate under an “irrigated” steppe climatic condi- 
tion which would cause the uranium and vanadium to be retained in the alkaline 
soil instead of going to the sea in the runoff discharge. However uranium has 
been identified in only a few steppe climate sediments. As yet no way of identi- 
fying potential carnotite areas has been recognized except by finding carnotite. 
But any group of sediments accumulated slowly under conditions of steppe cli- 
mate is suspect. 

The Oxidized Secondary Deposits—The geographic distribution of oxi- 
dized secondary deposits (Fig. 4) is controlled by the pattern of source ma- 
terials which may be primary pegmatites and lodes or sedimentary secondary 
deposits. Further the oxidized deposits can differ to only minor degree in dis- 
tribution and richness from their source. Generally they are on fracture zones 
where groundwater movement is concentrated; fixation is due to presence of 
phosphate or vanadate precipitants or to lime which lowers the acidity and re- 
duces solubility of phosphate and vanadate compounds. The greatest known 
series of these deposits is in southeastern Turkestan in Russia. Here they ap- 
pear in the Kara Tau, Kara Mazar and Alai Ranges. The ores are in limestone 
or are associated with lead and copper ores. All occurrences are near the uran- 
iferous, black Cambrian and Silurian shales, slates and schists, which are re- 
garded as the source for the uranium and possibly vanadium. Distribution is 
controlled by the groundwater circulation and indirectly by the fracture pattern 
in the rocks. The Bukhovo, Bulgaria, deposit is in a fault breccia through 
sandstone ; no source is obvious but a denuded shale seems more probable than 
any other. High phosphorous lamprophyre dikes localize the autunite distri- 
bution in a number of instances. 

In Portugal and Spain, secondary black oxides and autunite with torbernite 
occur in films and rich concentration in narrow veins in the Vizeu and Guarda 
districts and in the phosphorite veins.farther south. The ores are associated 
with open fractures receptive to percolating waters. The uranium may have 
come from scattered veins in the Hercynian granite but in view of the wide dis- 
tribution and the shallow depth of most occurrences (20 m), it is by no means 
beyond expectation that most of the uranium may have migrated downward in 
an acid solution from a covering stratum or soil that is now denuded ; the min- 
erals were precipitated by reduction of pH in the deeper fractures. This same 
condition is encountered in all known occurrences of supergene black oxide. 


No generalized geographic pattern for the oxidized ores is recognized other 


than the pattern of rich primary or extensive sedimentary deposits. The lack 
of characteristic pattern is due partly to the multitudinous sources for the ura- 
nium in them and to the high mobility of uranium in slightly acid sulphate wa- 
ters. The immediate occurrence is almost always in a fracture zone which 
controls the groundwater movement. However the deposits as a class are rela- 
tively insignificant and only three are known which have or can yield 25 tons 
or more of contained UsQsg. 


TYPES OF URANIUM DEPOSITS, 


Metallogenetic processes working within the larger geographic areas where 
uranium is known or expected, and under some special structural guidance, 








GEOLOGY OF THE FISSIONABLE MATERIALS. 289 


have gathered the uranium into small local masses or deposits. Three principal 
classes of control, responsible for formation of deposits, are recognized each 
with specific characteristic minerals, metal content, and size. These are: 


Pegmatites. 
High temperature fissure veins. 
Mesothermal fissure veins. 


1. Primary deposits 


[ Bituminous and phosphatic shales. 
2. Sedimentary deposits Alluvial or placer deposits. 
| Carnotite-bearing sandstones. 
Precipitated almost in situ. 
3. Oxidized deposits Precipitated by an alkaline rock or soil. 
Precipitated in playa or playa-like deposits. 


Each type of deposit has characteristics of distribution, size, and grade so lim- 
ited that the accuracy and completeness of reports concerning most occurrences 
can be assessed easily. Actually evaluation of the world uranium situation, 
blanketed as it is by secrecy, depends upon criteria developed from character- 
istics of known deposits. This is not unlike practices guiding acceptance or re- 
jection of clandestine reports on the varied types of gold deposits and many 
sorts of copper occurrences. The method does not give a summation of proven 
reserves or assays to 0.1 percent content but it does afford an assessment indi- 
cating that order of magnitude of tonnage and grade to be expected. 


Primary Deposits. 


Pegmatites have been a source of uraninite specimens but have produced 
only inconsequential amounts from very low content rock. High temperature 
veins have yielded up to 20 tons UsQs but have lacked sustained production.” 
Mesothermal veins have been the principal producers and are well known at 
three great localities. The distribution of primary occurrences is shown on 
Figure 1. 

General Features——The principal primary uraninite occurrences are dis- 
posed around the periphery of almost equidimensional, strongly positive ele- 
ments of the earth, called shields where they are large, or massifs where they 
are smaller. Very minor uraninite and refractory minerals appear also in 
elongate or orogenic crystalline rock masses. But no economic primary deposit 
is known to occur on the latter structure even where such places have produced 
large quantities of refractory columbate and tantalate minerals and have abun- 
dant alluvial deposits. Vein deposits have been very partial to a specific wall 
rock or formation.’® Fissures become narrow, and uraninite or pitchblende 
diminish per cubic meter of ore where the veins pass out of the favorable forma- 
tion at Joachimsthal and Shinkolobwe ; similar behavior may be inferred at all 


15 Beyschlag, F., Krusch, P., and Vogt, J. H. L., The deposits of the useful minerals and 
rocks, MacMillan and Co., London, p. 713, 1916. 

16 Kraus, M., Das staatliche uranpecherz-Bergbaurevier bei St. Joachimsthal in Bohmen: 
Bergbau und Hutte, Wien, vol. 1, pp. 3-30, 45-63, 93-112, 128-148, 168-183, 1915. 
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other occurrences. High-temperature fissure veins generally have erratic grade 
and are short, ending in a series of horsetails. 

Pegmatites—Pegmatites almost never have 0.01% U Os in the entire mass 
and rarely have this amount even in the high content bands. Most uranium- 
bearing pegmatites are banded and the greatest concentration is near the quartz 
core. Content is estimated easily by the volumetric abundance of autunite and 
uraninite. 

High Temperature Fissure V eins—High temperature quartz veins have 
been known to have two inches width of uraninite for fifty feet. Thereafter, 
even specimens have been hard to find. 

Mesothermal Fissure V eins —The uraniferous mesothermal veins belong to 
a cobaltite-niccolite type and to a fluorite type. The cobalt-bearing type gener- 
ally exhibits some banding or comb structure such as is found in epithermal 
veins. Recurrent fracturing, such as appears in hypothermal veins is rather 
common. The walls of the fissure have a crust of quartz generally with some 
hematite over the crystals. Uraninite cubes or even botryoidal pitchblende 
forms the next zone and the center is filled with cobalt and nickel sulphides, 
arsenides, sulpharsenides and various carbonates.’ The vein matter at Joach- 
imsthal specifically, and in other deposits generally, averages about 1% U3Os 
where the space between walls or breccia fragments is about a foot ; content in- 
creases to 12 percent for veins two or more feet wide and diminishes to tenths 
of a percent where the veins are only two inches wide."* A district with a sys- 
tem of veins about one foot wide averages about one metric ton of U3QOs per 
meter of depth; since the grade content of the veins generally varies with the 
width, 100 tons per meter of depth may be expected from a district with two foot 
veins ; only 0.1 tons per meter of depth can be anticipated where two inches rep- 
resents the average width. 

Any fissure vein which shows great preference for a specific wall rock rarely 
attains great depth. This has been amply demonstrated for mesothermal de- 
posits generally. The Joachimsthal mines are about 500 m deep and anywhere 
else low content would have decreed closing many years ago. It will be very 
unusual if any other uraninite lodes can be operated to this depth. The fluorite 
vein type has yielded specimens at a number of places and about 100 tons of ore 
at Wolsendorf in Bavaria."° This kind of deposit seems to have insignificant 
content and is worthy of only passing consideration. 


Sedimentary Secondary Deposits. 


The Kolm-bearing alum shales of Sweden were considered unique in having 
uranium. However studies on source rocks for petroleum discloses that all such 
strata are uraniferous and even the origin of the petroleum may be due to this 


17 Kidd, D. F., and Haycock, M. H., Mineragraphy of the ores of Great Bear Lake: Geol. 
Soc. America Bull., vol. 46, pp. 879-960, 1935. Bastin, E. S., The nickel-cobalt-native silver ore 
type: Econ. Geot., vol. 34, pp. 1-40, 1939. 

18 Kraus, M., op. cit. (Kraus compares the yield of wide veins with narrow ones.) 

19 Kohl, E., Grossdeutschlands Vorkommen naturlich-radioactiver Stoffe und der Bedeutung 
fur die Versorgung mit radioactiven Substanzen: Zeitschr. Berg-, Hiitten u. Salinenwesen in 
Deutschen Reich, Band 90, pp. 153-179, 1942. Die Mineralfuhrung der Wolsendorfer Fluor- 
spatgange: Zeitschr. prakt. Geologie, Band 42, pp. 69-79, 1934. 
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radioactive material.*® Two other sorts of deposits with stratigraphic control of 
deposition are recognized. The high specific gravity of primary uranium min- 
erals causes them to be concentrated into placers and they have been found in 
Alaska, Armenia, Brazil, Ceylon, India, Burma, Malaya, Mozambique, Siberia, 
South Africa and Swaziland to mention a few instances. The concentrate from 
alluvial gold, gem, and tin deposits generally has uranium minerals. Also 
more than a few deposits of uranyl salt minerals have such stratigraphic regu- 
larity of distribution, if not of continuity, as to suggest some bedded feature as 
the principal control. Carnotite, tyuyamunite and at least one autunite occur- 
rence in sandstone come in this category. 

The Bituminous Shales —The uraniferous bituminous source rocks for pe- 
troleum are marine deposits that accumulated very slowly. Generally only ma- 
rine shales yielding over 10 percent of oil by distillation have significant uranium. 
However, a few slates and schists of this derivation, but which have been so 
metamorphosed as to lose most of their volatile hydrocarbons, still retain their 
uranium. The uranium content of 0.02% U3Q0s or more has been confirmed 
rarely. Some typical shales are the Antrim and Chattanooga with about 0.01% 
U3QOs,”" the Cambrian age alum shale of Narke (Sweden) with 0.023% U3Os,”* 
the Cambro-Ordovician shales of the Leningrad district, Russia, with 0.008 
to 0.03% UsOs,?* and the black siliceous Cambro-Silurian schist (?) of the 
Ferghana region, Russia, with 0.03 to 0.08% U3Qs.** (High values in the lat- 
ter case seem to be due to surface enrichment.) The ThOs content is almost 
equal to the UsQOxg in a few places but averages only about 25 percent abundance. 

Uraniferous shales are from 1 to 17 m thick and underlie hundreds of square 
kilometers. Each square kilometer has about 225 metric tons of UsQs for each 
meter of thickness of 0.01 percent content. The Ferghana occurrences are 
highly folded and show great surface enrichment but soon pass under such 
heavy overburden as to make mining expensive. The Swedish, Leningrad, and 
United States occurrences are not enriched, have great regularity, and each has 
over 100 square kilometers amenable to open pit mining. 

This type of deposit is formed only in marine shales and then only where 
accumulation was slow and the bottom water was oxygen deficient. All fresh 
water carbonaceous shales and glacial clays lack even 0.001% UsQxs. The same 
discouraging situation holds for oxygenated marine sediments including all con- 
glomerates, sandstones and limestones. Thus, potential stratigraphic position 
and areal distribution is very limited. The uranium is relatively immobile in a 
reduced state and in ordinary alkaline water, and remains with the formation 
through all metamorphism short of intense injection. 


20 Sheppard, C. W., and Whitehead, W. L., Formation of hydrocarbons from fatty acids by 
alpha particle bombardment: Am. Assoc. Petroleum Geologists Bull., vol. 30, pp. 32-51, 1946. 

21 Russell, W. L., Relation of radioactivity, organic content and sedimentation: Am. Assoc. 
Petroleum Geologists Bull., vol. 29, pp. 1479-1480, 1945. 

22 Westergard, A. H., Borrningar genom alunskifferlagret pa Oland och i Ostergotland 1943: 
Sveriges geol. undersékning, ser. C., no. 463, pp. 18, 1944. 

23 Orlov, N. A., and Kurbatov, L. M., The radioactivity of bituminous shale: Khimiya Tver- 
dogo Topliva, vol. 5, pp. 525-527, 1934; vol. 6, pp. 228-291, 1935; vol. 7, pp. 94-98, 1936. 

24 Fersman, A., Geochemische migration der Elemente, Pt 2. Die Uran-Vanadium grube 
Tuja Mujun in Turkestan; Abh. prakt. Geologie und Bergwirtschaftslehre, Halle, vol. 19, 1930. 
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The phosphatic shales accumulated where recycling of the phosphatic waste 
of organisms was inhibited. This is in oxygen-deficient water of near neutral 
pH. Chemically, the conditions resemble those of the bituminous shales ; grade 
and distribution are closely comparable. 

The Alluvial Deposits—The alluvial or placer deposits of monazite and 
thorianite have been the principal source for thorium and a minor one for ura- 
nium. Only beach alluvials have been worked successfully for monazite but 
the heavy concentrate from gold washing,*° and cassiterite mining*® have as 
much monazite as any beach sand. Therefore, this heavy concentrate should be 
considered a definite source for thorium although previously it was saved only 
in the Netherlands East Indies. In addition, river alluvials in places contain 
euxenite and xenotime with significant Us;Os.** The principal known beach 
placers are found in Travancore, India,** and the coast of Brazil from Cape Frio 
northward.*” The alluvials are generally in crescent-shaped beaches and have 
richest surface concentration just before the on-shore storm season.*® This is 
due to greatest removal of low specific weight sand from the bays at this time. 
The headlands undergo greatest erosion during the on-shore storms and pre- 
sumably their concentration during the opposite season is due to this factor. 

Monazite is a heavy, decay resistant, but relatively soft mineral, especially if 
we accept F. L. Hess’s test for it. Excessive wear by the poorly decayed de- 
tritus of temperate climate streams reduces much of it below recoverable size. 
Tropical decay separates monazite from its matrix rock with minimum disinte- 
gration. For this reason principal rich alluvial occurrences are in the tropics ; 
temperate climate alluvials are distinctly poor. The beach detritus from any 
region of crystalline rocks, known to contain monazite, particularly in the 
tropics, may be expected to have monazite where conditions are favorable for 
separation of quartz from the heavy minerals. The stream alluvials of poleward 
areas may have deposits of poorer quality. 

Monazite content of cassiterite placers is almost equal to that of cassiterite 
but, due to greater difficulty of separation, probably only 10 percent can be re- 
covered. The monazite content of many brown-sand, gold alluvials is almost 
100 times that of gold. Thus, the productivity from such by-product sources 
is linked to the main metal production and may be assessed as a certain ratio to 
it; usually this may be taken as about 10 percent of the tin and 50 to 100 times 
the gold. 


25 Houk, L. G., Monazite sand: U. S. Bur. Mines, Inf. Cire. 7233, p. 9, 1943. Reed, J. C., 
Geology and ore deposits of the Warren Mining District, Idaho County, Idaho: Idaho Bur. Mines 
and Geol. Pamph. 45, 1937. 

26 Houk, L. G., op. cit. Anonymous, Occurrence of monazite in the tin-bearing alluvium of 
the Malay Peninsula: Bull. Imp. Inst., vol. 4, pp. 301-309, 1906. Amang from the Federated 
Malay States: Bull. Imp. Inst., vol. 9, pp. 99-102, 1911. Johnstone, S. J., Monazite from some 
new localities: Chem. Ind. Jour., vol. 33, pp. 55-59, 1914. 

27 Anonymous, Monazite in the Federated Malay States: Bull. Imp. Inst., vol. 4, pp. 301-309, 
1906. Johnstone, S. J., op. cit. 

28 Tripper, G. H., The monazite sands of Travancore: India Geol. Survey Rec., vol. 44, pp. 
186-196, 1914. Krusch, P., Die metallischen Rohstoffe, ihre lagerungsverhaltnisse und ihre Wirt- 
schaftliche Bedeutung, Heft 2, pp. 65-87, Ferdinand Enke, Stuttgart, 1938. 

29 Leonardos, O. H., Monazito no Estado da Bahia: Mineracao e Metallurgia, no. 8, 1937. 
Borges, D. B., Areias monaziticas do Espirito Santo: Mineracao e Metallurgia, II, vol. 7, pp. 
66—67, Rio de Janeiro, 1937. 

30 Tripper, G. H., op. cit. 
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The resources of the beach placers may be assessed from the area of the 
placer, the thickness of the concentrate layer, and the average content of mona- 
zite in the enriched sand. A concentrate of 1 percent content, one centimeter 
thick of one square kilometer area, contains 200 metric tons of monazite. Con- 
centrations of 3 percent monazite are rare or are for small areas only. Thick- 
ness of half a meter are likewise unusual. From this it is evident that 1,500 
tons of ThQ, represents a very excellent and unusual beach. Hess points out 
that monazite usually has about 0.2% UsQOxs ** and is a source for both radio- 
active elements. 

The Carnotite-Bearing Sandstones——The carnotite-bearing sandstone type 
of deposit has a variety of uranium-bearing minerals in which vanadates pre- 
dominate. Autunite,** carnotite,** tyuyamunite,"* and dakeite or schroeckinger- 
ite *° have been recognized. As a group the deposits are in permeable quartz 
sandstones and are not known in highly feldspathic sandstones or graywackes. 
They appear generally only slightly above a clay or bentonite zone which has a 
restraining influence on groundwater movement. The rocks are mostly alkaline 
or nearly alkaline and have calcite or siderite cement ; less commonly gypsum is 
present. Occurrences are confined mostly to a very limited stratum in any re- 
gion so that favorable structures in higher or lower strata rarely contain de- 
posits. Nearby but structurally separate regions may have deposits in a higher 
or lower stratum. Traces of uranium and vanadium minerals appear through- 
out much of the propitious geological stratum but rich concentrations occur only 
on and near rolls. These are concretionlike structures, in places over 100 feet 
long and 10 feet thickness and sustain economic production. 

The carnotite-bearing sandstone type of deposit is known only in strata 
formed in a steppe climate. The most probable source, for uranium gathered to 
the “concretions” by groundwater, seems to be low grade caliche accumulations. 
Such a carnotite type region probably has only 10 to 20 metric tons of UsOx per 
square mile. No assessment of the proportion which may be concentrated into 
rolls, and is recoverable, has been made but it is unlikely from present evidence 
that over 10 percent or 2 tons per square mile is so concentrated. 

The assessment of carnotite possibilities is based upon the distribution of 
sandstone strata deposited in a steppe climate. Furthermore, these strata re- 
quire some clays to confine the groundwater circulation and some structures to 
guide the water into channels. These conditions are encountered at a number 
of places where carnotite is unknown and at all places where it has been recog- 
nized. On the average, 2 tons of concentrated UsQOs per square mile of a carno- 
tite province is as close as can be guessed now. The type is known in the Colo- 
rado River Plateau, the Ferghana Basin, a small stratigraphic level in the 

31 Hess, F. L., Industrial minerals and rocks, pp. 524, Am. Inst. Min. Met. Engs., New York, 
1937. 

82 Lacroix, A., Acad. Sci. Paris Comptes rendus, vol. 152, p. 559, 1911, quoted in Min. Jour., 
p. 430, London, May 4, 1912. 

83 Stokes, W. L., Morrison formation and related deposits in and adjacent to the Colorado 
Plateau : Geol. Soc. America Bull., vol. 55, pp. 974-975, 1944. 

34 Popov, V. I., On the discovery of analogies of the carnotite sandstones: Sovietskaya Geo- 
logiya, vol. 9, nos. 4—5, pp. 32-39, Moscow, 1939. 

35 Larsen, E. S. Jr., and Gonyer, F. A., Dakeite, a new uranium mineral from Wyoming: Am. 
Mineralogist, vol. 22, pp. 561-563, 1937. 
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Australian geosyncline, a thin zone in the Karroo beds of South Africa, and in a 
small part of the Mauch Chunk series in Pennsylvania. 


The Oxidized Secondary Deposits. 


The oxidized secondary deposits are conspicuous because of the bright, al- 
most gaudy color of their minerals. Yellow, orange, and brown are the prevail- 
ing colors but a few are bright green. Generally these minerals form a film, 
which is thinner than a coat of paint, and the deposits always look higher grade 
than they assay. The minerals are mostly phosphates but the list includes also 
silicates, vanadates, oxides and hydrated oxides. A few oxidized deposits are 
produced in situ ; enrichment is inconsequential and equally good primary ores 
may be expected at depth. Most oxidized ores have moved in solution some 
distance away from their source, generally downward, and have been precipi- 
tated where they encountered an alkaline rock or soil zone. Less often the so- 
lutions migrated far afield to a playa or a caliche slope before encountering an 
alkaline environment which removed their uranium. 

The deposits rarely contain over 0.25% UsOs where they are removed from 
their source and in these, phosphates and vanadates predominate. Deposits 
formed almost in situ may have phosphates and vanadates but mostly are oxides, 
hydroxides, hydrated oxides and silicates and may be higher grade due to high 
content in the protore. Highest content is generally near the surface where 
leaching has been moderate; where leaching has been intense and oxidation 
deep, highest content is expected near the watertable or even below it. 

Oxidation in Situ —The great variety of minerals from the Shinkolobwe 
open pit represent oxidized deposits with the uranium fixed almost at its point 
of origin. Many high grade oxidized minerals from this deposit have enough 
of the outline of the primary source minerals left to indicate little loss on the one 
hand or enrichment on the other. This zone extends down to below the 50- 
meter level where primary minerals appear and to about where the watertable 
stands at the end of the dry season. Specimens of autunite and uranocircite are 
plentiful along joints in most pegmatites of the New England (U. S. A.) region 
and these minerals are believed to have formed from local materials. Pegma- 
tites containing them have only the usual 0.01% UsQs and show no enrichment. 
Climate seems to have very little effect upon formation of these minerals in this 
type of deposit. The primary ore exerts the entire control over extent and 
grade of the deposit. 

Concentrations in Adjacent Rocks.—The uranium of most oxidized min- 
erals has moved some distance away from its source. The source rock can be 
identified in many places but in a few origin is implied only by similarity with 
recognized occurrences ; the host structures are clear but the source is gone. 

Uranium in the numerous deposits of the Ferghana region seems to have 
come from a Cambrian or a Silurian black shale, to have moved slight but vari- 
able distance, and to have been precipitated in a variety of ways to acquire its 
present position. The Karatau deposit follows a 10- to 14-m siliceous black 
shale zone for 25 to 35 kilometers.** The tyuyamunite and metatorbernite are 


36 Tyurin, B. A., Karatausskoye mestorozhdenie urano-vanadisvikh Rud: Izvestiya Acad. 
Nauk, S.S.S.R., Seriya Geologicheskaya, no. 2, pp. 99-106, 1944. 
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in fissure zones localized by fold structures in the formation. Dolomite and 
marble are interstratified with the black shale and the ores are confined fairly 
close to the source stratum. Tyuya Muyun lies 600 km to southeastward and 
is in a limestone karst with the cavern pattern determined by a systematic frac- 
ture system in the limestone. The secondary ores were deposited in this karst 
and are still being deposited by percolating water.** The karst deposits end at 
170 meters depth. Fersman considered the uranium and vanadium to be 
leached from the older “schist” (?) formation. The other vanadium deposits 
of the range are strung out parallel to the strike of the rocks in the range and 
support derivation from a single parent formation. Whether this is the Cam- 
brian shale of the Karatau or the upper Silurian graptolite shale of the Alai 
Range is indeterminate from the literature. Only a thin film of ore marble 
coats the joints below the karst zone and even it disappears at 20 m greater 
depth or is not obvious. This would give the general impression that, except 
under unusual conditions favoring deep penetration of groundwater, 20 m depth 
range for oxidized ore is all that can be expected. The ore marble of the karst, 
which is all that is considered ore, constitutes about 15 percent of the deposit 
and averages 1.6% Us3Qs to give the entire mass about 0.25% UsQOs. 

The Urgeirica deposit in Portugal ** is in a quartz vein; it has the usual 
20 m oxidized zone but below this the fractured quartz is coated with films of a 
black oxide and some yellow autunite and green torbernite. Some ore is said to 
assay 2.4 percent but it is uncertain whether this is run-of-mine or hand-dressed 
ore. However, as at Tyuya Muyun, enrichment by torbernite and black oxide 
films extends to considerable depth and the uranium seems to have originated in 
denuded parts of the quartz lode as well as in the part remaining. No obvious 
source for the uranium appears at most Guarda and Belmonte deposits which 
are films of autunite and torbernite extending along joints to the depth of 20 m 
or less. Content of a deposit rarely is 0.25% UsOs and tonnage produced at the 
height of the radium business was only a few tons. In most instances the 
source rock for these oxidized deposits, except at Urgeirica and Rosmaneira has 
been denuded completely. Not even specimens can be expected below the pres- 
ent oxidized zone where the openings close up. 

The Bukhova, Bulgaria, deposit *° represents a stage once removed from the 
above. Autunite and metatorbernite occur with limonite in a breccia zone 
through quartzite (?). Hand-dressing of the ore raises the average content 
from about 0.2 to 2 percent UsOs. The origin of the uranium is not recognized 
but the géneral mode of occurrence suggests downward leaching from bitumi- 
nous shale. 

Caliche Type of Deposit—The schroeckingerite or dakeite locality at Wam- 
sutter in Wyoming has very little of the mineral sparsely distributed through a 
gypsiferous and calcareous sand. The percent content in a thin bed probably 

87 Fersman, A., op. cit. 

88 Segaud and Humery, Gisements d’uranium du Portugal: Annales des mines, Paris, 11th 
ser., vol. 3, pp. 111-118, 1913. 

Lepierre, C. and Leite, A. P., L’industrie du radium au Portugal: Chimie et ing., vol. 29, pp. 
797-804, 1933. 

89 Konjarov, G., Die uranerzlagerstatte auf dem Gipfel Goten: Podz bogat i min. industr., 


pp. 236-244, Bulgaria, Sofia. Trudy 8, 1938. Kostov, I., Metallization of the Balkan Penin- 
sula: Mining Mag., vol. 68, pp. 261-274, London, 1943. 
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does not average over 0.001 percent (20 tons per mile foot). This deposit 
formed in a region of steppe climate and where highly alkaline soils would pre- 
cipitate the uranium from groundwater.’® It will be extraordinary, if other 
such occurrences containing schroeckingerite, tyuyamunite or autunite, are not 
discovered in regions of steppe and desert climate because of the close proximity 
of the above content to that of the average sandstone.*' Such types of occur- 
rence may be the direct source for the carnotite in the carnotite-bearing sand- 
stones.** This is the lowest content type of deposit and it may have no eco- 
nomic significance ; however it probably has a very important bearing upon the 
origin of carnotite-bearing sandstones and upon the evaluation of carnotite 
deposits. 


Summary of Deposit Characteristics. 


Deposits are not evaluated directly by geographic areas. To obtain an as- 
sessment of an area, the potential resources for each type of deposit possible 
in it must be assessed separately. This can be done with some assurance of 
dependability on the basis of geologic characteristics. But rules of amount that 
apply to one type of deposit do not fit another and assessment by geographic 
areas, without regard for geologic controls, causes almost infinite confusion of 
results. The assessment for a geographic area becomes the sum of the potential 
of all geologic types of deposits. 

Primary Deposits —Significant primary deposits are confined to those crys- 
talline, structural elements of the earth having strongly positive character and 
equidimensional form. Less than one percent of the land area where metallifer- 
ous lodes might be expected, conforms to this requirement. Here over 95 per- 
cent of the favorable potential area has pegmatite-type mineralization which is 
antipathetic to rich lode deposits. Thus, only 0.05 percent of the mineralized 
areas of the world deserve organized investigation for lodes with uranium. 
Furthermore such regions have little hope of producing from other than vein 
deposits, except as a by-product. Pegmatites at best average only 0.01% U3QOs; 
by-product from mining 200,000 tons of pegmatite, which is a large amount for 
any country, would be less than 20 tons U,Ox. For this reason pegmatites are 
no longer considered a source for industrial uranium. Lode districts yield 
about 1 ton of U;Os per meter of depth from ore averaging about 1% UsQs; 
but these values are tied to width of lode and are for one foot veins or breccias 
with one foot openings at least locally. Two-foot or wider openings may have 
12% UsQOs and the deposits may yield 25 tons upwards per meter of depth 
whereas 2-inch veins commonly have only tenths of a percent UsQx and the 
systems carry only hundredths of a ton per meter of depth. 

Up to the present only four parts of the margin of the Canadian Shield have 
exhibited favorable mineralization features and only one part of the Rhodesian 
Shield seems suited to mesothermal lodes. No part of the Scandinavian Shield 

40 Larsen, E. S., and Gonyer, F. A., Dakeite, a new uranium mineral from Wyoming: Am. 
Mineralogist, vol. 22, pp. 1004—1005, 1937. 

41 Goodman, C., and Evans, R. D., Radioactivity of rocks: Geol. Soc. America Bull., vol 
52, pp. 459-490, 1941. 

42 Stokes, W. L., Morrison formation and related deposits in and adjacent to the Colorado 
Plateau: Geol. Soc. America Bull., vol. 55, pp. 974-975, 1944. 











O- 
he 
ite 


th 
he 


ve 


an 


‘Id 


im, 


ido 








GEOLOGY OF THE FISSIONABLE MATERIALS. 297 


is known to be auspicious. Lode possibilities are recognized in four massifs 
(Fig. 1). The total supply from these favorable areas is probably under 30,000 
tons of UsOxs of which between 5,000 and 10,000 tons has been produced 
already. 

Sedimentary Secondary Deposits —The sedimentary secondary deposits are 
evaluated principally on the basis of area. Placers are assessed upon the basis 
of gold and tin production from alluvial deposits and are given as a definite 
ratio to those other metals. 

The bituminous shales average about 0.01% UsOs for 5 m thickness; a few 
are 15 m thick and have 0.025% UsOs but they are unusual. The average 
shales have 1,125 metric tons per square kilometer. Sweden, Russia, and the 
United States have about 2,000 square kilometers or more which may be as- 
sessed at 2,250,000 metric tons of contained UsOs. Petroleum source rocks 
elsewhere may double this value and the phosphorite shales increase it by an 
equal amount. 

The protore of the carnotites is estimated at about 20 tons of UsOs per 
square mile of area. Assuming that under favorable conditions 10 percent of 
this material is concentrated into structures where it is recoverable, each square 
mile of carnotite province can be expected to yield about 2 tons of UsOs. The 
United States and Russia have over 20,000 square miles of potential carnotite 
area so that 40,000 tons of UsOxs would not be too much to expect if the concen- 
trating structures can be located. 

The placer deposits of uranium and thorium are partly from the well known 
beaches where the monazite is about 1/10th as abundant as ilmenite, and mainly 
from precious metal and cassiterite placers. The beach deposits can be as- 
sessed easily. The gold placers have about 100 times the monazite that they 
have gold, and the cassiterite and monazite are about equally abundant. How- 
ever only about 10 percent of this monazite is believed to be recoverable and 
production can be guessed at fairly closely. Tin production at 180,000 tons 
could yield at least 18,000 tons of monazite with 50 tons of UsOs and 1,000 tons 
ThO,. Alluvial gold including the Witwatersrand, could be expected to con- 
tribute at least 4,000 tons of U;Ox and 200 tons of ThO,. This yield would be 
a sustained annual by-product and is exclusive of the direct output from beach 
sand and lode deposits. Principal alluvial deposits are in the tropics where rock 
decay exceeds rock granulation as a disintegration process. 

Oxidized Secondary Deposits—The only economically significant ore de- 
posits of this sort are limited in size by the extent of the source rock that has 
been worked over. Except in the case of the lode deposits this is usually an 
inconsequential total amount. Depth rarely exceeds 20 meters. Furthermore 
grade does not seem to be raised above 0.25% UsOxs. Where the original ma- 
terial was above this content, the grade change is negligible and generally 
downward. 

Oxidized ores are known in France, Portugal, Bulgaria, Ferghana, Aus- 
tralia, and the United States. In view of the low grade and characteristic shal- 
low depth, it is improbable that these deposits can furnish 1,000 tons of UsOs 
which is relatively insignificant. 
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RESOURCES OF PRODUCING COUNTRIES. 


Major attention and almost the sole interest has been in capacity of the past 
producers of uranium including the Belgian Congo, Canada, United States, 
Czechoslovakia, England (Cornwall), Portugal, Russia and Madagascar. 
These countries obviously have uranium; however the outstanding features of 
distribution and continuity to deposits obviously suggest that the well known 
ones have limitations and will be unable to satisfy industrial requirements. 
Their diminishing supply must be augmented by production from other types 
which have been mentioned but about which little has been done. Such occur- 
rences range from the extensive sediments in Sweden to the small oxidized de- 
posits in Bulgaria. In the even less known class are the many oil shale source 
rocks and phosphorites throughout the world, the green alluvial diamond occur- 
rences indicating radiation from ore with more than 0.01% U3Qs content, and 
gold, gem, and cassiterite alluvials which have been reported to contain ura- 
nium minerals. 


TABLE 1 


PRODUCTION IN MetTrRIc TONS 





Country | U:0s | Monazite | UsOs* 
Congo Belge | 4,442 ? | 25,000 
Canada } 1,440 | — | 2,100 
U.S. A. | 1,200 | 5,443 | 28,100 
U.S. S. R. 72 (?) — 900 
England 300 | | ? 
Portugal 250 | -- 400 
Madagascar 18 | ? 1,250 
Australia 5 | ? 50 
Brazil ? 72,000 ? 
India v. 45,000 200 
Ceylon ? 852 — 
Neth. E. Indies — 1,570 = 
Malaya - = ? a 
Other S. E. Asia ? ? — 
Bulgaria ? . } 60 
Un. S. Afr. —- — ? 
Sweden ? _— ? 




















* Probable and possible ore of the approximate type and grade which has been mined previous 
to the present time. 


Monazite, containing thorium, has been produced from the ilmenite beach 
sands of Brazil, India, Ceylon and Australia and the cassiterite alluvials of the 
Netherlands East Indies. It has been reported in considerable amount in the 
preliminary cassiterite concentrate in Malaya, the gold concentrates of Idaho 
and far eastern Russia, and is known in lower proportions at many other places. 
Almost all gold dredging operations, which have been studied mineralogically, 
report some monazite and these deserve serious consideration wherever the de- 
tritus comes from crystalline rock areas. Of lesser immediate significance are 
those regions where monazite is reported from the crystalline rocks, but has not 
been listed in large amount in the detritus from them. These latter include 
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placer mining communities in Madagascar,** Tanganyika,** Kenya,** the entire 
Nile drainage,*® the Belgian Congo, southwest Africa,” the Guianas, and Co- 
lombia in the tropics, and Japan, Korea, Alaska, California and New Zealand 
in extratropical regions.*® 

Production. 


Previous to 1940, the world is known to have produced slightly more than 
7,500 tons of uranium or its equivalent, indicated directly, or by radium sta- 
tistics. Production is distributed as listed in Table I. Where radium statis- 
tics are available but data on uranium is lacking, calculations assume 75 percent 
recovery of radium from the uranium delivered at the plant. Joachimsthal 
was the earliest contributor ; the Belgian Congo was the largest. 


The Belgian Congo. 


The writer visited Katanga during a pre-war geological excursion through 
Africa and enjoyed the privilege of studying mineralization of this interesting 
region. The regional geology has been outlined *° and the principal features 
around Shinkolobwe have been described.*° The ores are limited to the pre- 
dominantly dolomitic Mines Series and appear in zones of prominent fissuring. 
Even the copper mineralization of the Rhodesia-Congo border is itself pro- 
foundly, but not critically, influenced by fractures. Thoreau indicates great di- 
minution in grade wherever the veins pass laterally or downward into less 
favorable members of the Mines Series. Such a condition is anticipated from 
experience elsewhere and barren levels may be expected within the possible 
500-m depth range or maximum usually expectable for this type of deposit. 
Production previous to 1940 was slightly over 75 metric tons per meter of 
depth for the block mined out. 

The mesothermal type of mineralization having uraninite appears in Ka- 
tanga along an east-west zone from Luiswishi to Kalongwe.®* Museum collec- 
tions list minerals from at least thirteen other localities but only Kalongwe and 
Shinkolobwe have veins of significant width.5® Some occurrences may be to 
Shinkolobwe what Johanngeorgenstadt in the Erzgebirge is to Joachimsthal. 

48 Besairie, H., La géologie du Nord-Ouest (Madagascar): Mem. Acad. Malgache, vol. 21, 
259 pp., 1936. 

44 Krenkel, E., Geologie Africas, Pt. 1, p. 413, Berlin, 1928. 

45 Anonymous, Min. Jour., vol. 179, p. 826, London, 1932. 

46 Anonymous, Minerals Yearbook for 1944, U. S. Bur. Mines, p. 866, 1945. 

47 Hintze, C., Handbuch der Mineralogie, vol. 1, pt. 4, p. 344, 1933. 

48 The Rupununi district: British Guiana Geol. Survey Bull. 13, 1937 (1939). Hintze, C., 
Handbuch der Mineralogie, vol. 1, pt. 4, p. 344, Berlin, 1933. 

49 Robert, M., and du Trieu de Terdonck, R., Le bassin cuprifére du Katanga méridional : 
Copper resources of the world, pp. 703-715, XVI, Inter. Geol. Cong., Washington, 1935. 

50 Thoreau, J., and du Trieu de Terdonck, R., Concentrations uraniféres du Katanga (Congo 
Belge), XVI Inter. Geol. Cong. Rept., pp. 1099-1101, 1933. Le gite d’uranium de Shinkolobwe- 
Kasolo (Katanga) : Inst. Colonial Belge, Sec. sci. nat. et méd. Mém., tome 1, fase. 8, 1933. 

51 Mineral Industry in 1932, p, 464, McGraw-Hill Book Co., New York, 1933. 

52 The author would acknowledge the rare privileges, the thought, and the courtesy extended 
by the officials of the Union Miniére du haut Katanga which made the study inclusive and en- 
joyable. Drs. Schuiling and Vaes spared no effort to present the geological features of this in- 


teresting region ; however the views here expressed are not necessarily theirs and are merely the 
author’s interpretation of the evidence as he saw it. 








300 GEORGE W. BAIN. 


Considering the record for all deposits of this type and their characteristics, it 
appears likely that Shinkolobwe is the “big master” and will have 5/8ths of the 
Us3QOs for the district.®* 

Pegmatites with refractory uranium minerals are known at Kiambi and also 
in the Uganda Highlands just outside the Congo. Lode deposits with uranium 
should not be expected among the pegmatites of these northern massifs and this 
outside area is not a potential source for significant U3Os. 

No marine bituminous shales are known in the Congo and steppe climate de- 
posits, even in the Karroo beds, are not recognized and carnotite deposits are 
not expected. Modern placers are worked for gold in the Butembo Highlands 
and for cassiterite at Mitwaba west of Lake Tanganyika. Ancient placers in 
the Kasai have diamonds; monazite is recognized but no uranium minerals 
have been identified with them. 

The surrounding regions of Portuguese West Africa and Northern Rho- 
desia have fracture filling mineralization and lie close enough to the Shinko- 
lobwe zone to be interesting for speculation. But most of Northern Rhodesia 
is too far inside the Rhodesian Shield to be potential ground. Portuguese West 
Africa has a small area of Katanga type mineralization near the Rhodesia- 
Congo border and also a coastal sandstone strip suitable for carnotite sandstone 
type mineralization. However descriptions of both locations fail to mention at 
least one essential feature for that type of deposit which might occur there. 


Canada. 

Canada has all three classes of ore occurrence. Primary ores appear on the 
Shield rim in lodes in the Great Bear Lake and Lake Athabaska districts, and 
in pegmatites in the Ontario-Quebec section.** Sedimentary occurrences are 
represented by the anthraxolite of the Onwatin slate and possibly some petro- 
leum source rocks. Even the monazite-bearing gold placers of the Yukon have 
possible although uncertain value. Oxidized ores are represented by a single 
locality on Quadra Island, B. C.°° Great Bear Lake has been the only signifi- 
cant producer although an attempt was made to operate a fluorite-bearing peg- 
matite at Wilberforce, Ontario. Estimates based upon scattered data suggest 
that ore shipped from the Eldorado Mine up to the end of 1939 produced about 
310 grams of radium. Applying the data given by Lord ** for a specific period 
to the general production and shipments, the deposit may be expected to have 
yielded by 1940 about 347 grams of radium at 75 percent recovery. This is 
equivalent to about 1,400 tons U,Qx in concentrates arriving at Port Hope. 

53 See data on Joachimsthal and the general quantitative zonal diminution of uranium min- 
eralization away from the main center. Less data is available on Great Bear Lake but there too 
the abundance seems to be distinctly concentrated at the main center. 

54 Ellsworth, H. V., Rare element minerals of Canada: Canada Geol. Survey, Econ. Geol. 
Ser. no. 11, 1932. For a recent summary see: James. W. F., Lang, A. H., Murphy, R., and 
Kesten, S. N., Canadian deposits of uranium and thorium: A. 1. M. E., Mining Engineering, vol 
187, pp. 239-255, 1950. 

55 Mineral Industry for 1932, p. 465, McGraw-Hill Book Co., New York, 1933. Ellsworth, 
H. V., op. cit., ‘p. 139. 

56 Lord, C. S., Mineral Industry of the Northwest Territories: Canada Geol. Survey Mem. 
230, pp. 38-47, 1941. Minerals Yearbook for 1940, U. S. Bur. Mines, p. 765, 1941. Minerals 


Yearbook for 1941, U. S. Bur. Mines, 1942. Mineral Industry for 1941, p. 487, McGraw-Hill 
Book Co., New York, 1942. 
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The four Eldorado veins are in shear zones cutting through an ancient series 
of sediments and volcanics which are intruded by diabase, feldspar porphyry 
and granite. The veins cut across the older diabase and the feldspar porphyry 
but the relations to the granite are not clear. The porphyry follows below the 
sediments and above the volcanics and has a synclinal shape ; the bottom of the 
trough was expected to be near the 650 level.°* Most of the ore shoots end 
where the strike of the lode zone carries it laterally out of the syncline of sedi- 
ments, and almost the same change is expected to occur at depth. The ore 
shoots in No. 2 vein, and principal producer, appear to have been influenced by 
the character of the wallrock or by the change in strike of the shear zone or both. 
The wallrock influence is in complete accord with the behavior of this type of 
deposit everywhere else. 

Bodies of pitchblende in No. 2 vein are up to 20 inches wide and 40 feet 
long but most occurrences are much smaller. The entire shear zone is 2,100 
feet long and 1 to 30 feet wide (average 5 feet) and is a stockwork. Pitch- 
blende appeared over 1,200 feet length on the surface but was mined over only 
500 feet at the adit level and 220 feet on the 500-foot level. The shoots pitch 
60° westward. Another shoot appears at about 1,000 feet eastward and extends 
down to the 800-foot level. 

No. 1 vein is at least 1,500 feet long and may be over 3,000 feet ; it is 5 to 30 
feet wide (average 8 feet). An ore shoot 80 to 150 feet long pitches 65° west- 
ward through to the 500-foot level. 

No. 3 vein is 700 feet long and is 1 to 12 feet wide (average 3 feet). It has 
one recognized ore shoot. 

If the Eldorado Mine is likened to Joachimsthal, then the BEAR at Contact 
Lake is like Johanngeorgenstadt. At BEAR three stockwork veins are in 
granodiorite. The veinlets in the stockworks are usually one-half inch wide but 
a few are up to two feet. The pitchblende shoots were up to six inches and may 
have averaged 1.5 inches and the shoots were definitely where the fractures 
were widest.°* Nine shoots were mined and their length—only 25 to 75 feet— 
exceeded their depth. 

Pitchblende occurrences are listed by Joliffe °° at Beaverlodge and Hardisty 
Lakes on the overland route from Great Slave Lake to Great Bear Lake. 

A small area near Goldfields on the north shore of Lake Athabaska has two 
narrow mesothermal pitchblende veins.®° The limited width gives the known 
occurrences inconsequential productivity. 

The only other areas are at Silver Islet and near Batchewana Bay in Lake 
Superior and a possibility on theoretical grounds in the Baffin Strait area on the 
other side of the Shield. Elsewhere pegmatites or hypothermal lodes charac- 
terize mineralization on the Shield perimeter and these are incompatible with 
important uranium producers. 


57 Lord, C. S., op. cit., p. 45. 

58 Furnival, G. M., A silver-pitchblende deposit at Contact Lake, Great Bear Lake area, Can- 
ada: Econ. Grot., vol. 34, p. 764, 1939. 

59 Joliffe, A. W., The Northwest Territories: Canadian Inst. Min. Metallurgy Bull., vol. 40, 
pp. 663-677, 1937. 

60 Alcock, F. J., Geology of the Lake Athabaska Region: Canada Geol. Survey Mem, 196, 
pp. 36-37, 1936. ° 
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Canada has a number of important petroleum source rocks but the uranium 
content of these does not appear in the literature. Yagoda reports anthraxolite 
in the same category as kolm.** Anthraxolite is known in the 8 by 29 mile 
Onwatin Slate area (600 square kilometers) of the Sudbury basin, Ontario ** 
and in the Animikie strata in the area northwest of Lake Superior. Some On- 
watin slate zones have up to 10 percent carbon and on theoretical grounds there 
is reason to believe that some part may be equal to the alum shales of Sweden. 

No data are available on the amount of monazite present in the Yukon 
alluvials. 

The only record of oxidized ores is in Quadra Island and the amount seems 
to be altogether inconsequential. 

An assessment of the Canadian lode resources indicates that new deposits, 
comparable in size and richness to those which have been worked, should not 
be expected on the west or south side of the Shield. Some may be found on the 
little explored northeastern edge. The Onwatin slate certainly has uraniferous 
anthraxolite and it seems very probable that the carbon rich groups of beds will 
have over 0.01% Us3Qs. It is perhaps too early to speculate upon the impor- 
tance of this occurrence but it may become Canada’s principal future supply. 
It is assessed at possibly 10,000 tons UsQs. 


Czechoslovakia and the Erzgebirge. 


Pitchblende and its decay products were recognized in the Erzgebirge early 
in the past century and they were mined for industrial consumption after 1850. 
Czechoslovakia celebrated the production of the 100th gram ** of radium in 
1936 and at 75 percent recovery this would represent 400 tons of UsOx. Pro- 
duction was then at the rate of about 15 metric tons UsQOxs annually so that total 
production up to 1940 may have been almost 450 tons UsOs. Saxony produced 
about 120 tons of Us;Os from all operations and Bavaria and other parts of 
Bohemia may have yielded another 120 tons. 

Geographically the Erzgebirge localities lie along two zones which inter- 
sect at Joachimsthal. One zone extends approximately N-S from Freiberg 
through Marienberg, Annaberg, Niederschlag, Joachimsthal, Schlaggenwald, 
St. Viti and Hagendorf to Wolsendorf. The northwestern end of the other is 
Schneeberg and it extends through Johanngeorgenstadt to beyond Joachims- 
thal. Generally the ore veins are in the Precambrian schists and Cambrian 
phyllites and cease to be mineralized where they enter the granite ; however they 
have pitchblende even through the granite in the Weisser-Hirsch mine at 
Schneeberg.** The principal mineralization is in the major fractures and di- 


61 Yagoda, H., The localization of uranium and thorium minerals in polished section. Pt. 1, 
The alpha ray emission pattern: Am. Mineralogist, vol. 31, p. 120, 1946. 

62 Coleman, A. P., The anthraxolite of Sudbury: Am. Jour. Sci., ser. 5, vol. 15, pp. 25-27 
1928. 

63 Presumably this was only the theoretical 100th gram because radium was not saved until a 
very late date in the history of this region. Production since radium was discovered has been 
adequate to yield only about 40 grams and all older uranium was dissipated and with it the con- 
tained radium. 

64 Beyschlag, F., Vogt, J. H. L., and Krusch, P., Ore Deposits, vol. 2, pp. 680-681, MacMillan 
and Co., London, 1916. 4 
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minishes as the fractures become narrower; some pitchblende follows micro- 
fractures in the schists of the Weisser-Hirsch Mine in Schneeberg, at Johann- 
georgenstadt and also at Joachimsthal ; the granite walls of the fluorite veins at 
Wolsendorf carry pitchblende. According to Babanek * the scapolite schist 
wallrock in the eastern part of the Joachimsthal district averages 0.265% UsOs. 
While Krusch estimates the average uranium content of the veins at about 1% 
U3Os, records show only the Schweizer vein has ore of 1 percent grade and 
that the average is about 0.2 percent. 

Joachimsthal.—The favorable host rock for the Joachimsthal lodes is a 
series of schistose Precambrian age sediments. A late Paleozoic age granite 
stock forms their southern border. Schist in the immediate environs of the Ur 
limestone seems to be the most favorable area for pitchblende. Trends to veins 
have been mentioned. The E-W or Morning veins are narrow, rarely one foot 
thick, and only in recent years have yielded any pitchblende. The N-S or Mid- 
night veins are up to a meter wide (mostly 0.1 to 0.5 m) and have yielded al- 
most the entire mineral production. A thin layer of quartz covers the walls at 
some places. This is followed by successive depositions of dolomite and lenses 
of pitchblende, with dolomite and arsenides occupying the central section. The 
calcite and dolomite are reddish brown near the uraninite. The principal Mid- 
night veins from west to east are the Geister, Schweizer, Johann Evangelistas, 
Hillebrande, Prokopi, and Goldene Rose in the Joachimsthal group and the 
Gluckauf and Francisci in the Edelleutstollen group. The mine plans of 
Kraus ** show pitchblende mineralization predominant in the zone between the 
thick limestone and the top of the Ur limestone zone. The detailed cross sec- 
tions on the plane of the Johann Evangelistas vein and the Hillebrande vein 
show silver and cobalt minerals in greater relative abundance where the veins 
on each individual level pass northward out of the Ur limestone zone. Since 
schists overhang the Ur limestone, the silver-cobalt mineralization appears 
above the pitchblende in any vertical section. This latter spatial arrangement 
has been attributed to thermal or depth zoning. Actually careful scrutiny of 
Kraus’s sections shows that the depth association is inapplicable and any min- 
eral appears at any depth but uranium exhibits strong wallrock preference 
which is in turn related to width of openings. Kohl ®* states that the veins in 
the Edelleut Mine pass into granite at 200 m depth at its eastern end which is 
about the greatest depth attained in this particular part of the mining district. 
This is considered to indicate that the granite was unfavorable wallrock. 

Kraus ® gives the average yield of the mine stopes between the years 1897— 
1913 as follows: 


65 Babanek, F., Beschreibung der geologisch-bergmannischen Verhaltnisse der Joachimsthaler 
Erzlagerstatten in geologisch-bergmannische Karte mit profilen von Joachimsthal: U. S. W., 
Vienna, 1891. Die uranhaltigen skapolith-glimmerschiefer von Joachimsthal: Oesterr. Zeitschr. 
Berg- u. Hiittenwessen, vol. 37, pp. 343-345, 1889. 

66 Krusch, P., Die metallischen Rohstoffe, ihre Lager Verhaltnisse, vol. 1, pp. 104-108, Ferd- 
inand Enke, Stuttgart, 1937. 

67 Kraus, M., Das staatliche Uranpecherz-Bergbaurevier bei St. Joachimsthal in Bohmen: 
Bergbau und Hutte, vol. 1, pp. 3-30, 45-63, 93-112, 128-148, 168-183, Vienna, 1915. 

68 Kohl, E., Grossdeutschlands Vorkommen naturlich-radioaktiver Stoffe und deren Bedeu- 
tung fur die Versorgung mit radioactiven substanzen: Zeitschr. Berg-, Hiitten- u. Salinenwesen 
in Deutschen Reich, vol. 90, pp. 153-178, Berlin, 1942. 

69 Kraus, M., op. cit. 
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TABLE 2 


YIELD FROM VARIOUS VEINS 

















Vein Kgs/sq. meter Kgs/cu. meter | % appr. Mining width 
Schweizer } s342 | 4033 | 1.61 1.33 
Jungschweizer 2.23 1.67 | .07 1.33 
Bergkittler 4.73 3.48 | 14 1.37 
Geister 19.16 14.82 -60 1.29 
Geister-hangingwall split } 19.26 14.82 -60 1.30 
Geister-footwall split 11.75 | 9.15 .37 1.28 
Widersinniger 0.42 | 0.30 .012 1.33 
Roter, S. of Kuh vein 4.16 | 2.87 115 1.45 
Radium ca) 1 4.14 165 1.40 
Western mines (1926) 0.40 | 3.2 .128 .125* 








Only the amount hoisted is included. 
* Apparently hand dressing was practised unde Sinai 


The percent grade, except in the rich Schweizer and Geister veins, seems to be 
about 0.2% U3Oxs. The scapolite wallrocks of the Edelleut Mine are estimated 
to contain 0.265% UsOs or 6.6 kgs per cubic meter. Kraus states that the 
pitchblende content of vein matter broken in the Edelleut Mine was as follows: 


TABLE 3 


KILOGRAMS PER CUBIC METER 














Year | Gluckauf vein Francisci vein | Zeidler vein | Parallel vein | New vein 
1912 12.25 4.30 146.18 os 55.51 


1913 | 79.10 60.60 2.60 270.3 } 82.60 


Schneeberg.—Schneeberg occupits a major structural position very similar 
to Joachimsthal. Production has been about 80 tons of pitchblende. Cambrian 
micaceous phyllite lies along the northeast side of the Eibenstock granite at 
Schneeberg and Neustadtel. Intrusive granite is encountered at depth in all of 
the mines and according to Becke the veins usually become poor or unmin- 
eralized where they pass into it. Muller ™ indicates that the mineralized area 
extends over 10 square kilometers. The veins generally strike W.N.W. or 
N.N.W. and dip steeply. However they are so numerous that they may be de- 
scribed as a stockwork. Width varies between 0.5 and 3 meters. A few are up 
to 3 km long and extend to 300 m depth. Only the strong cobalt bearing veins 
in the Weisser-Hirsch Mine, that also have uranium ore, persist down into the 
granite. These strong veins, particularly the Katerina-Flacen lode, had minor 
mineralization on microfractures in the wallrock. 

Johanngeorgenstadt.—Johanngeorgenstadt is midway between Schneeberg 
and Joachimsthal. The general geological features are identical with those at 
Schneeberg. Production has been about 12 tons. The strongest uraninite vein 


70 Becke, F., and Step, J., Das Vorkommen des Uranpecherzes zu St. Joachimsthal: Akad 
Wiss Wien, vol. 103, pt. 1, 1904. 


71 Muller, H., Der erzdistrict von Schneeberg in Ergebirge, in B. von Cotta, Gangstudien, vol. 
3, 1860. 
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is in the Vereinigt Mine in the Fastenberg. Maximum yield in any one year 
was 2.7 metric tons in 1905. 

Durrnaul——Another occurrence is at Durrnaul near Marienbad far to the 
south of Joachimsthal. One vein in the St. Viti Mine is reported to have had 
a shoot with 100 to 150 tons of pitchblende. The uranium mineralization of the 
veins is concentrated into the contact zone between the Konigswart-Kutten- 
planer granite and the crystalline schists. 

Other Occurrences.—Freiberg is said to have produced 10 tons of U3QOs. 
The pitchblende occurs in association with silver ores in cobalt-bearing fissure 
veins through metamorphosed sediments overlying a granite and gneiss dome. 
The Schmideberg occurrences are where the younger ore veins intersect mas- 
sive magnetite deposits along the contact between sediments and intrusive gran- 
ite. The magnetite is changed to martite adjacent to the veins. The Przibram 
veins cut the Ordovician sediments at or near the contact between graywacke 
with an overlying slate and occur particularly along the margin of intrusive 
dikes through the graywacke-sandstone. The Johanni lode has a 2 to 5 cm zone 
with kidney and hazelnut shaped masses of pitchblende at the footwall. 

General Resources of the Erzgebirge —The entire Erzgebirge region had 
about 1,000 tons of recoverable UsQOs of industrial grade at the start of mining. 
Exploitation without regard to cost might raise the amount by 50 percent. At 
least 680 tons had been removed before 1940 and the disposition of the re- 
mainder is uncertain. As of 1940, about 50 tons was in tailings, 120 tons was in 
low grade veins and wallrock at Joachimsthal and 100 tons was in the fluorite 
veins at Marienbad and Wolsendorf. An additional 70 tons may be in lodes at 
Schmideberg, Przibram, and other outlying districts. Originally the central 
area had 5/8ths of the total known uranium and it is expected that, in conform- 
ity with other similarities, Shinkolobwe and Eldorado will have similar propor- 
tions for their respective districts. Production and reserves amount to 1.2 
metric tons per meter depth. The two principal satellite areas furnish only 
1/8th the amount of the leading district and the others dropped to 2 percent of 
the leader. The record for lode deposits suggests, in no uncertain manner, high 
concentration in a single district. 

Czechoslovakia has only minor uraniferous sediments. The possible occur- 
rence in the Cambrian shales is realized but presence in significant amounts is 
unlikely. Oxidized secondary deposits of size are unknown and almost beyond 
possibility. 


Cornwall, England. 


The high temperature lodes around the granites of Cornwall contain small 
rich shoots of pitchblende. However, like these shoots everywhere, they are 
short and irregular, spectacular and disappointing. Although the Cornwall ore 
is believed to have been mined out almost completely, the record is presented to 
indicate the low significance of other similar deposits that are reported from 
time to time in the Central Massif of France,"* the Schwartzwald,” in Korea, 
in Portugal and in other parts of the world where tin and tungsten are associates. 


72 New York Times, January 12, 1947. (Near Limoges.) 
78 Kohl, E., op. cit., p. 157, 
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MacAllister ™* indicates that the uraniferous veins commonly have some co- 
balt and nickel and generally are later than the tin-tungsten lodes. The South 
Terras mine near St. Austell has a lode 2 to 4 feet wide with a uranium stringer 
from a mere film up to a foot thick along one side. The deposit was about 200 
feet deep and 500 feet long and produced about 50 tons of U3Qs if the ore value 
stated is accepted. This is only 0.8 tons per meter of depth and the depth was 
very limited. 

Other mines have contributed to the general production in less amount. 
Total production from Cornwall is estimated as follows: 


1890-1901 287 tons ore grade about 30% UsOs* 86.1 tons 
1901-1912 654 tons ore grade about 30% UsOs* 196.2 
1914-1917 308 tons ore grade about 1.06% U:0s 3.3 
1917-1926 677 tons ore grade about 2.00% U:0s 13.6 
299.2 


* Estimated from the sterling value. 


Portugal. 


The uranium deposits of Portugal are in the triangular area including 
Vizeu, Guarda and Belmonte and lie within but near the southern edge of the 
Hercynian granite batholith."* The mines produced over 18,000 tons of ore 
assaying from 1.0 to 1.8% Us3Qs in the period 1908 to 1940."° The major pro- 
duction was from the Urgeirica Mine which attained 150 m depth by 1936. 
Lepierre ™ recognized autunite to at least 95 m depth and this indicates unusu- 
ally deep oxidized ore. Duparc "* indicates that most ore ceases at a relatively 
barren zone at 20 m below the surface and apparently was impressed by the 
many autunite deposits along joints in granite at Guarda, Bemdada and Bel- 
monte more than by the large quartz veins like Urgeirica and Rosmaneira. Un- 
doubtedly most production is from oxidized ores but the source for some ura- 
nium may have been in denuded lodes and may be present in lesser amount in 
their deeper parts. However, it is also quite possible that a considerable 
amount of uranium may have been carried down from denuded strata. 

About 10,000 tons of the 18,000 tons listed for Portugal must be attributed 
to Urgeirica production before 1938. Lepierre showed that the thoroughly de- 
composed parts of the vein were depleted in sulphides.and UsQOs in black oxides, 
but were enriched in autunite. The magnitude of the change decreased with 
depth and the general tenor of the undecomposed ore (still carrying autunite at 
95 m depth) was better. The black oxides were partly soluble in acid (uranic 
uranium) and partly soluble in alkali (uranous uranium) ; even the undecom- 


74 Hill and MacAllister, The geology of the country around Bodmin and St. Austell: Geol. 
Survey England and Wales Mem., p. 134, London, 1909. Mineral resources of the United States 
in 1912: U. S. Bur. Mines, pp. 1023-1026, 1913. Collins, J. H., Observations on some English 
Mining Regions, pp. 241-244, Plymouth, 1912. 

75 Mineral resources of the United States in 1912: U. S. Bur. Mines, pp. 1029-1031, 1913. 

76 Compiled from Mineral Industry, Minerals Yearbook, Mineral resources of the U. S., Eng. 
and Min. Jour., Min. Jour. (London), Statesman’s Yearbook. 

77 Lepierre, C., and Leite, A. P., L’industrie du radium au Portugal: Chimie et industrie, vol. 
29, num. spec. 12, pp. 797-804, June 1933. 

78 Duparc, L., Sur les filons et les minéraux radioactifs d’urane du Portugal: Archives Sci. 
Phys., vol. 5, pp. 79-82, 599, 1923. 
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posed ore seems to be partly oxidized and enriched by secondary autunite. It 
is almost certain that all autunite and much of the uranic black oxide will be 
lacking in depth and the ore grade will decline proportionately. 

Segaud and Humery ™ describe the Guarda-Bemdada area. The Rosman- 
eira Mine employed 600 men in 1912 and developed a quartz vein up to 8 m 
wide. Ore with 2% Us3Qs is high grade and 0.3 percent is considered the lower ° 
working limit. Total production was 1,900 tons containing 11 tons UsOs. The 
Rosmaneira vein averaged about 0.25% U3;Os through barren quartz and ore 
shoot. Operations stopped at the water table. Rosmaneira may be enriched 
below the water table after the manner described for Urgeirica by Dupare and 
in the most optimistic view it cannot be expected to yield more than 150 tons 
U3QOs. 

All other occurrences described yielded a ton or so of UsQOs in low grade 
autunite ore. Assuming that each of the 90 odd concessions listed furnished on 
the average one ton of U3QOs, yield would be only 90 tons and most of this would 
be expected from a few. 

The total production from Portugal is a rather inconsequential amount from 
the viewpoint of industrial needs or world supply as it appears in the sedimen- 
tary occurrences. 

United States. 


No primary deposits of consequence are known in the United States al- 
though veins and by-products from pegmatites have swelled the supply at 
times. Bituminous and phosphorite shales are known and the alluvial deposits 
of California, Oregon, Washington, Idaho, Colorado, Florida and the Carolinas 
all have monazite. Carnotite-bearing sandstones have been the principal source 
of the United States supply of uranium and radium. Oxidized ores are known 
in both Arizona and New Mexico but are considered to be inconsequential in 
the world supply. 

United States production of radium is said to be slightly under 300 grams 
previous to 1934.8° Between 1934 and 1940, 15,888 tons of carnotite ore yielded 
about 116 short tons of UsOx and 29.5 grams of radium.* From the above it 
may be inferred that uranium ores mined up to 1940 contained about 1,200 tons 
of UsOs. 

Primary Deposits —Pegmatites and the Cornwall type lodes are recognized 
in the United States but the content and yield is low. Pegmatites of Mid-Paleo- 
zoic age occur in the Appalachian crystallines at least from Newry (Me.) to 
Mitchell (S.C.). No pegmatite has yielded one ton and the great majority 
have furnished only museum specimens. Samarskite is the usual mineral. 
Uraninite-bearing pegmatites are reported from the northwestern Adiron- 
dacks ** but the content is inconsequential. Microlite and other refractory min- 


79 Segaud and Humery, Gisements d’uranium du Portugal: Annales des mines, 11th ser., vol. 
3, pp. 111-118, Paris, 1913. 

80 Minerals Yearbook for 1940: U. S. Bur. Mines, p. 766, 1941. 

81 Mineral Industry for 1941, p. 490, Mc-Graw-Hill Book Co., New York, 1942. 
82 Shaub, B. M., Age of the uraninite from the McLear pegmatite near Richville Station, St. 
Lawrence Co., New York: Am. Mineralogist, vol. 25, pp. 480-487, 1940. 
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erals are found in the Southern Rocky Mountain Massif as far south as New 
Mexico.*® 

Vein deposits have yielded only about 20 tons of ore from the mines near 
Central City and Black Hawk, Colorado.** The gerieral occurrence suggests 
the Cornwall type of lode, with all its attendant irregularities. 

The primary deposits cannot be counted upon for any production of conse- 
quence. However there is little doubt but that the Southern Rocky Mountains 
will continue to be the center of inflated rumors like those originating in the 
Central Massif of France. Other massifs within the Cordilleran Region will 
add their share, but the total output should not be expected to surpass a few 
hundred tons. 

Sedimentary Secondary Deposits—The Antrim black shale and the Chat- 
tanooga black shale (Woodford shale in Oklahoma) are radioactive everywhere 
and locally have about 0.01 percent equivalent UsOs.**° Well logs indicate that 
the radioactive zone is several feet thick but do not show the thickness range of 
the high UsOg zone. Areal distribution of the radioactive zone is not given but 
the uniformity for a given stratum in Sweden and Russia suggests that contin- 
uity for ten miles radius may be expected. Although study of this type of radio- 
active rock had been pursued assiduously in Russia and Sweden, American in- 
terest in it appeared only in 1940. Consequently, little actual information is 
available but, both by analogy and by indication, 300 square miles may be ex- 
pected to be underlain by such strata in the Chattanooga shale area, and at the 
average content of 1,125 metric tons per square kilometer, it is not unreasonable 
to expect up to 810,000 tons U;Qs in this sort of occurrence ; 10 percent of this 
amount is almost certain to exist. 

Monazite is the only radioactive mineral reported in abundance in the allu- 
vial deposits of the United States. The ilmenite sands of Florida contain 0.09 
percent monazite.** North Carolina produced 5,443 tons of monazite in the 
early days but production costs were high and ThOs content averaged below 6 
percent. A crude beach sand at Crescent City, California, yielded 56 pounds of 
monazite per ton and 0.4 X 10° percent gold. Some placers in San Luis Val- 
ley, Colorado, had 3 pounds monazite per ton but the gold content is negligible ; 
the concentrates from nearby Routt County are 14 monazite.** All Boise Basin 
Idaho sands have monazite and content in the crude sand is about 0.08 per- 
cent.**? A natural sand from the Columbia River bed at Astoria, Oregon, had 


83 Jahns, R. H., Lithium tantalum pegmatites in Moro Co., N. Mex.: Geol. Soc. America Bull., 
vol. 57, p. 1208, 1946. Mica-bearing pegmatites of the Pataca district, northern New Mexico: 
Geol. Soc. America Bull., vol. 57, p. 1254, 1946. 

Uranium lodes were known in the Front Range of the Colorado Rockies, along the N.W.-S.E. 
diagonal of Arizona, and have been reported recently from the Kellogg Mining district of Idaho 
and its extension through British Columbia, but none give promise of yield adequate to sustain 
industrial use. 

84 Mineral resources of the United States for 1912: U. S. Bur. Mines, pp. 1013-1015, 1913. 
Bastin, E. S., and Hill, J. M., Economic geology of Gilpin and adjacent parts of Clear Creek 
and Boulder Counties, Colo.: U. S. Geol. Survey Prof. Pap. 94, pp. 121-125, 1917. 

85 Russell, W. L., Relation of radioactivity, organic content and sedimentation: Am. Assoc. 
Petroleum Geologists Bull., vol. 29, pp. 1471 and 1479, 1945. 

86 Hess, F. L., Industrial Minerals and Rocks, p. 524, Am. Inst. Min. Met. Engs., New York, 
1937. 

87 Mineral resources of the U, S. in 1905: U, S. Bur. Mines, pp. 1180-1223, 1906, 
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131 pounds of monazite per ton but others here and at Hammond and Warrenton 
had 1 pound or less ; no Columbia River mouth sand tested lacked monazite. A 
Washington State beach at Gray’s Harbor yielded 71.5 pounds of monazite per 
ton. One sample from the Bighorn Mountains had 1.7 percent monazite. Also 
it is reported from alluvium near Topock in the western part of Arizona.®* 
Monazite obviously occurs in the dredge concentrates from many Pacific slope 
alluvials, particularly in Idaho, the mouth of the Columbia River and at coastal 
sites both north and south from it. Less attractive amounts appear in many 
Great Valley and Sierra Nevada alluvials. Five contiguous counties in Idaho, 
which receive drainage from crystalline rocks, average 1 pound of monazite per 
pennyweight of gold (relative abundance 300 to 1) for all samples wherein 95 
percent of the sample was classified. Relative abundance is 1,800 of monazite 
to 1 of gold downstream at the Columbia River mouth and indicates the greater 
mobility of monazite. 

The principal U. S. source for radioactive materials is in the carnotite-bear- 
ing sandstones. The deposits are confined principally to the Salt Wash Mem- 
ber of the Morrison Formation ; however a 1946 midsummer news report from 
Durango (Colorado) lists carnotite with roscoelite type ore from the Entrada 
Formation near Rico. The roscoelite ores at nearby Placerville had been re- 
ported previously to contain 0.05% U;Qs,*® so that these occurrences, if con- 
firmed, extend the area of the carnotite province beyond its previously recog- 
nized borders. The Salt Wash member is known throughout most of an area 
150 miles square near where the four states meet. The region had saved only 
about 1,200 tons of UsQOs previous to 1940. Without being too critical of past 
procedures, the writer would point out that in most other areas the first step 
in the search for ore is to learn what structures favor its localization and then to 
learn how to find them even where they are not obvious. When that procedure 
is followed on the Plateau this writer believes that the resources in recoverable 
concentration will be very close to the 2 tons per square mile indicated for sand- 
stones. The prolonged and recurrent steppe climatic conditions affecting the 
Morrison Formation would certainly convert all uranium to the uranyl state in 
which condition concentration into deposits is possible. 

Oxidized Secondary Deposits —Oxidized deposits with autunite or torbern- 
ite are reported near Tyrone (N. Mex.) *° and carnotite is found in volcanic 
tuffs near Aguila (Ariz.)."' Oxidized rock in a prospect tunnel in Round 
Mountain (Nev.) had uranocircite or autunite. The occurrences appear to be 
without economic consequence and to indicate the occurrence of undisclosed 
primary deposits ; the Tyrone occurrences may have up to 50 tons U3Qs in very 
low grade rock. Carnotite was reported in sandstone (?) near Lusk, Wyo- 
ming, but the occurrence in fissures indicates that it is an oxidized mineral. 
Oxidized minerals have been reported repeatedly in small amount from the 

88 Heineman, R. E. S., A note on the occurrence of monazite in W. Arizona: Am. Mineral- 
ogist, vol. 15, p. 536-537, 1930. 

89 Lindgren, W., Mineral Deposits, p. 457, McGraw-Hill Book Co., New York, 1919. 

90 Mineral Industry for 1923, pp. 593, 596-597, McGraw-Hill Book Co., New York, 1924. 
Mineral Industry for 1932, p. 466, McGraw-Hill Book Co., New York, 1933. 


91 Hewett, D. F., Carnotite discovered near Aguila, Arizona: Eng. and Min. Jour. Press, vol. 
120, p. 19, New York, 1925. 
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Nevada-California border region. Numerous other localities have been listed 
in the western desert areas but all of them might load one good burro. 


Russia. 


Russia has all three types of ore but each type is the low-grade variant. The 
primary deposits are represented by pegmatites and only wishful thinking could 
expect anything better. Bituminous shales, placers, and carnotite-bearing sand- 
stones are all recognized in the sedimentary class. Oxidized ores which have 
moved only a short distance from their source are abundantly developed. Rus- 
sia had hoped in 1938 to be self-sufficient for radium. To that end, three ex- 
traction plants were operating; the Radium Institute of the Academy of Sci- 
ences in Leningrad may have produced 0.75 grams annually and is believed to 
have used uraninite selected from pegmatites in Karelia; the Uchta plant, using 
radioactive waters, had about 1 gram capacity; the Redelen plant of the Rare 
Metal Trust in Moscow had a capacity of 2 grams per year and used princi- 
pally the uranyl salts from Ferghana and other Asiatic occurrences.®* Only the 
Leningrad and Moscow plants used uranium ores, and assuming that they op- 
erated to their 2.75 gram capacity, they could not have had more than 10 metric 
tons of U;Og annually. Therefore the indications are that at the outbreak of 
war only small productive uranium resources were known within Russia. Pro- 
duction from 1922 to 1940 probably did not average over 1 gram of radium an- 
nually, equivalent to 72 tons UsQs in all, at 75 percent recovery of radium. The 
situation relative to high-grade ores probably has not improved significantly and 
is not likely to improve. However low U3Qs rocks of 0.01 to 0.05% Us3Qs are 
relatively abundant and can change the supply situation materially; unfortu- 
nately for Russia those low-grade deposits occur either in deserts where water 
is scarce or in microthermal climates where the ground is frozen for 7 months 
of the year so that beneficiation is technologically difficult. 

Primary Deposits—All known primary deposits and all areas where pri- 
mary deposits of consequence might occur have pegmatites in such abundance 
that lodes are extremely improbable. The periphery of the Scandinavian Shield 
has numerous uraninite pegmatites from Helsinki in Finland to the Arctic; here 
lode mineralization possibility is almost nil. The Urals are an elongate massif 
and, in conformity with such structures, the known uranium occurrences are 
refractory minerals in pegmatites chiefly at Miask °* and oxidized minerals from 
Beresovsk. The Taimyr Peninsula has an extremely low-lying crystalline rock 
area concerning which little data is available but absence of strongly positive 
structural characteristics suggest that it can be considered of no importance 
even although nearby mines at Norilsk supply some nickel and cobalt. Far 
eastern Russia is replete with pegmatite occurrences of refractory minerals and 
even thorianite.** The north border of the Mongolian Shield contains only oc- 
currences of samarskite, chlopinite, mendeleffite and refractory minerals re- 

92 Anonymous, Vorkommen und ausbeutung von radiummineralien in der U. S. S. R.: Die 
Chem. Ind., vol. 65, no. 27-28, pp. 283-284, Berlin, 1942. 

93 Zavaritsky, A. N., Ilmen State Mineralogical Reservation, XVII Inter. Geol. Cong., Guide- 
book to Uralian Excursion, pp. 5-17, Moscow, 1937. 

94 Bespalov, M. M., On the discovery of a new mineral of the thorianite group: Soviet Geol. 
no. 6, pp. 105-107, 1941. 
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ported from Kansk, past Slyudyanka to Chita, and into the Zeya Basin. The 
edge of the Tibetan Shield in the Uzbek S. S. R. has pegmatites with monazite 
and uraninite but uraninite or cobalt-bearing veins are not reported. The Cau- 
casus Mountains have no known primary occurrences and only refractory min- 
erals appear in the gold alluvials of ancient Colchis or Armenia. The Podolian 
Upland of the Ukraine represents the last of the Shields or massifs in Russia 
and all listed occurrences are euxenite. Thus, the record for the crystalline rock 
areas of Russia is fairly complete except perhaps in the Kolyma region where 
structure is like the Appalachian Mountains and favors refractory minerals in 
inconsequential pegmatites. These records consistently show no significant 
lodes, abundance of pegmatites everywhere, and no real opportunity for rich 
deposits anywhere. 

Sedimentary Secondary Deposits—Uraniferous shales are known in the 
Leningrad region, along the Kara Tau and on the south margin of the Fer- 
ghana. The high radium content of oil field waters around both the Caspian 
Sea and the Timan Range suggests that the source rocks carry an unusual 
amount of uranium. But the great area of Siberia between the Urals and Lake 
Baikal and Kazakstan to the Arctic, has only continental sediments which are 
not host to this type of deposit. 

The Popovka River region near Leningrad is reported to have up to 0.21% 
U;0s—by radiometric measurement—but the chemical assays give only a tenth 
this amount. Considering the average thickness of the Dictyonema shales, their 
areal extent in this region, and the UsQOs content, 100,000 tons UsOx would not 
be an exorbitant amount to anticipate here. However treatment of the 5,000 to 
10,000 tons of rock to yield 1 ton of UsOs would present more than ordinary 
difficulties in this climate. 

Fersman held the opinion that the radium in Ukhta salt water and petroleum 
came from the pre-Devonian crystallines of the Timan Range. It seems much 
more probable that the radium came from uranium in the petroleum source 
rocks and left them not more than a millennium ago. Treatment of 30,000 tons 
of water annually to obtain 1 gram of radium was considered a memorable at- 
tainment. Milling 10,000 tons of rock for a ton of Us;Oxg would be a greater one 
and most impractical where the climate was as cold as the latitude of Leningrad. 

The other localities have more favorable temperatures but the water supply 
for large mill operations in Ferghana, Kara Tau, or the Caspian Sea leaves 
much to be desired. The Kara Tau deposit occurs 90 km northeast from Chiili 
and is in Cambrian age shale interstratified with dolomite.°® The ore horizon 
is 8 to 14 m thick under an area 40 to 50 sq km and has roscoelite and carnotite. 
The occurrence in a marine series indicates that the deposit is not the Colorado 
Plateau type but a surface enrichment of the bituminous shale type. A descrip- 
tion of a deposit from nearby Suleytan Say appears to have the uranium leached 
from the shale and precipitated by a lead ore as a uraniferous vanadinite. It is 
not unlikely that this deposit may have 600 tons in surface enriched ore of 
grade 0.05% Us,Os along some ten kilometers of outcrop and 10,000 tons of 
U3Osg in rock of grade 0.01 to 0.02% UszQOs. 


®5 Tyurin, B. A., Karatausskoya mestorozhdenie urano-vanadievikh: Rud. Izvestiya Akad, 
Nauk. S.S.S.R., Ser. Geologicheskaya, no. 2, pp. 99-106, 1944. 
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The Alai Range south of Ferghana has thick black slates and shales, of Silu- 
rian age. According to Fersman these are said to contain up to 0.05% U:Os, 
but again this is almost certainly due to surface enrichment in the desert climate. 
A series of secondary oxidized deposits occur for 100 km along a line following 
the margin of the Alai Range and their uranium almost certainly comes from 
that black slate and shale series. The bedded occurrences may be expected to 
have the usual 0.01% U3Qs and if 1% kilometer from the outcrop is considered 
accessible, the rock may be expected to have 25,000 to 30,000 tons of U3QOs. 
Water deficiency would make milling this rock almost impossible. 

No uraniferous shales are known around the Caspian Sea but the high ra- 
dium content of salt water on Cheleken Island and of petroleum elsewhere in the 
region, indicates recent association with uranium. 

Placer occurrences of radioactive minerals are recorded in the foothills of 
the Pamirs, in the Tchoruk River near Batum, in the gold alluvials east of the 
Yenesei River and in a conglomerate in the north slope of the Timan Range.”® 
The Tchoruk River ** has monazite, samarskite, orangeite and several other 
minerals with gold. Occurrence of monazite in abundance with relatively 
coarse gold indicates that significant monazite is on the delta in the Black 
Sea near Batum. Monazite occurs in the crystalline rocks at the head of the 
Selenga and Argun rivers in eastern Siberia and is a general constituent of 
these alluvials.** Since alluvial deposits account for at least 2,000,000 ounces 
of the annual Russian gold production, and all of the alluvials are in monazite 
areas, they could be capable of providing 600 tons of monazite annually if only 
10 percent of the contained monazite was saved; careful operation might save 
3,000 tons. Only one reference appears to radioactivity in a conglomerate on 
the north side of the Timan Range; whether monazite or uranium mineral is 
responsible is not stated. 

Tyuyamunite or carnotite is listed from many localities from Ferghana to 
Minussinsk. The descriptions in all but one at Yuigur Sai show that the occur- 
rences are oxidized ores concentrated from an overlying stratum. This overly- 
ing stratum is a black shale everywhere except at Potekhina and the Julia Mine 
northeast of Minussinsk. Here the source might have been a gray Devonian 
shale but more probably was sparse carnotite in the Devonian red sandstones. 
The Yuigur Sai deposit is in lenses and impregnations in a continental sand- 
stone in the Papsk region of Northern Ferghana. The occurrences duplicate 
those in the Colorado Plateau even in minute detail. Only a small area has 
been explored but the favorable sandstone area extends under a section of 250 
sq km area. At 2 metric tons per square mile, the region may be expected to 
furnish 200 metric tons. Uranium in traces is reported also in the copper bear- 
ing sandstone northwest of Molotov (Perm). 

Secondary Oxidized Deposits—Principal exploration and almost the entire 
Russian production has come from oxidized deposits. These appear in the 


96 Anonymous, Uranium in conglomerate of N. Timan: Soviet Sever., no. 4, -pp. 40-51, 1938. 

97 Tschernik, G., Samarskite from monazite sand of Batum province: Phys. Chem. Jour. 
(Russ.) vol. 34, pp. 653-684, 1902. 

98 Kuznetsov, C. D., Acad. Sci. St. Petersburg Bull., ser. 6, vol. 6, p. 361, 1912. Zemel, V. 
K,. Analyses of monazite from gold alluvials of Aldan and S. Yenesei rivers: App. Chem. Jour. 
(U.S.S.R.) vol. 9, pp. 1969-1971, 1936. 
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desert country from Lake Balkash to the Afghanistan border. Principal source 
for the uranium in them has been the black shales and slates of Silurian and 
Cambrian age. The largest is the Tyuyamuyun deposit in a limestone karst. 
The deposit had originally about 5,000 tons of ore containing about 1% Us3Os 
in tyuyamunite or 50 tons U3Qs carrying 20 grams of radium."® Other deposits 
with lesser amounts are reported in the Kara Mazar, at Taboshar in the Alai 
Range **° near Leninabad, and in the Kara Tau near Chiili. All have less than 
10 tons of grade above 0.05% U3QOs. 

Secondary ores have been reported in the Podolian Upland and in the Tib- 
lisi corridor. However these “Shinkolobwes” were demoted to museum speci- 
men rank one to three years after discovery. 

Russian Resources—There exists no evidence that any high grade U3Os 
ore is known in Russia and all geological evidence suggests that none of indus- 
trial size may be expected. In the medium-grade category, the carnotite de- 
posits may furnish 200 tons of UsQOs and, following exhaustion of Tyuya- 
muyun, all the oxidized secondary deposits combined might produce 100 tons 
of U3Qs in addition to the 600 tons from the Chiili occurrence. Russia, like 
every other petroleum country, has large reserves of bituminous black shale 
and at least 45,000 tons of UsOs can be expected in this sort of deposit. It 
should be realized that mill operations on Russian low-grade ores would have to 
be conducted under the most unfavorable climatic conditions possible and these 
might even render milling impractical. Alluvial gold deposits, properly super- 
vised, could yield 3,000 tons of monazite annually. 


Bulgaria. 


Oxidized minerals are listed at Goten or Bukhovo '** near Sofia and at 
Strelchna.’°? The Strelchna occurrence has autunite associated with pegmatite 
and has no significance. The Goten or Bukhovo occurrence is in a breccia 
zone through sandstone (?) and carries chalcolite (metatorbernite). The 
minerals seem to be entirely oxidized types deposited in a breccia zone by de- 
scending solutions. No primary ores or ore structures are mentioned so that 
it is presumed that the uranium was carried down from an overlying source 
now denuded ; this might be the Jurassic oilshale still preserved at nearby Brez- 
nik.1°* Such a deposit would stop at or near the watertable possibly 20 m more 
or less below the surface. Kostov’s report lists 25,000 tons of 2% UsQOs ore; 
however the original account indicates a lenticular deposit 4 to 15 m wide and 
50 to 70 m long explored to about 10 m depth; hand dressing of 4 cubic meters 
of ore yielded a concentrate assaying 2% UsOs. The 25,000 tons estimate 


99 Fersman, A., op. cit. Anonymous, Die Chem. Ind., pp. 283-284, 1942. Alexandrov, S. P., 
in “Gornyi Zhurnal,” vol. 118, p. 415-416, Moscow, 1922. (Lists radium resources as equivalent 
to 80 tons U,0,.) 

100 Nasledov, B. N., Kara Mazar No. 19, in “Material of the Tadjik-Pamir Expedition of 
1933,” 401 pp., Leningrad, 1935; Taboshar, pp. 275-276, Sarimsakhli, pp. 277-280, 381. 

101 Konjarov, G., Die uranerzlagerstatte auf dem Gipfel Goten: Podz bogat i min. industr., 
pp. 236-244. Bulgaria, Sofia, Trudy 8, 1938. Kostov, I., Metallization of the Balkan Penin- 
sula: Mining Mag., vol. 68, pp. 261-274, London, 1943. 

102 Anonymous, Chem. Age, p. 367, London, Apr. 28, 1934. 

103 Sundius, N., Oljeskiffaar och skifferoljeindustri: Sveriges geol. undersdkning, ser. & 
no. 441, p. 22, 1941. 
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uses the maximum dimensions of the deposit and assigns the 2 percent grade 
to the crude rock instead of to the hand dressed ore only. Considering all the 
evidence the earlier estimate suggests 6,000 cubic meters of ore which could 
be hand dressed to 1,500 tons assaying 2% U3Qs or a total content of 30 tons. 
If the deposit extends to 20 m depth at the same grade, its content might attain 
60 metric tons of UsQOs. 


Madagascar. 


Madagascar has primary uraniferous pegmatite, sedimentary secondary de- 
posits and alluvial monazite, and oxidized secondary minerals. The source for 
all uranium is in pegmatites and these are distributed over so much of the cen- 
tral plateau that little ground favorable for lode type of mineralization ex- 
ists. The crystallines have monazite everywhere and have been denuded ex- 
tensively so that the alluvials have had an opportunity to accumulate this min- 
eral in quantity. 

The Madagascar pegmatites have banded structure. They occur princi- 
pally on the lateritic grasslands of the central plateau and the central quartz 
band projects above the general topographic surface like an identification 
marker.*°* The uranium minerals are principally refractory titanoniobates and 
are found in the complex mineral band on either side of the quartz core. The 
pegmatites appear to have slightly higher content than is usual in this type, 
although higher value may be due to the large amount of the dike which was 
left undisturbed. About 12,000 cubic meters at Ambatofotsy yielded 20 metric 
tons of betafite (roughly 5 m t of UsOxs) and 10 cubic meters at Andaombato- 
tany supplied 280 kilograms of euxenite (roughly 28 kg of UsOs)*°°. The aver- 
age content is about 0.02% U,Qs in the first instance and 0.13% UsQg in the 
second which represents very high selection of material to be handled. Produc- 
tion may have yielded 15 tons of UsQs in slightly over 100 tons of refractory 
minerals. All the ore was difficult to decompose and treat. 

A small but interesting deposit of bedded autunite is known at Vinanin- 
karena at 10 km S.S.E. of Antsirabe. Alluvial gravel, sand and peaty clay 
about 20 m thick have two beds aggregating a meter thickness and containing 
autunite in worm holes, cracks, and as disseminated flakes. The layer under- 
lies not more than a square kilometer and material sorted out from waste con- 
tains 0.5% U;Oxs. The material can be concentrated to 8 to 10 percent with 
rather heavy loss of mineral. About 37 metric tons of concentrate have been 
shipped.* If the grades and thickness apply to the limits of the deposit, it 
might have up to 2,500 tons UsOx¢ of which one-half might be recoverable. 

Monazite is reported in the stream deposits of the plateau,*” the long north- 
west flowing rivers '°* and the short eastward flowing streams.*°® Quantitative 
estimates are not available but all the monazite from the crystalline rocks eroded 

104 Lacroix, A., Minéralogie de Madagascar, Vols. I, II, III, Paris, 1922—23. 

105 Turner, H. W., Radioactive minerals of Madagascar: Econ. Gror., vol. 23, pp. 8-81, 

? 
a Turner, H. W., op. cit., pp. 83-84. 
107 Turner, H. W., op. cit., p. 82. 
108 Besairie, H., La géologie du nord-ouest (Madagascar): Acad. Malgache Mem., vol. 21, 


pp. 259, Tananarive, 1936. 
109 Hintze, C., Handbuch der Mineralogie, vol. 1, pt. 4, p. 345, Berlin, 1933. 
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to make the eastern coastal plain and the gorges of the western rivers must be 
somewhere. Some of the monazite concentrates have 10% ThOos.2!° Produc- 
tion has been only a few metric tons. 


Brazil. 


The large area of the Brazilian Shield appears like a favorable locality for 
uraninite lodes but careful scrutiny of its geology shows a periphery with num- 
erous pegmatites containing uraninite, samarskite, fergusonite and monazite.™ 
A few tons of pegmatite mineral appear to have been saved, but the total amount 
is inconsequential. The monazite was washed down the streams and most of 
it is concentrated in the Cenozoic age sediments and recent beach bars. The 
monazite contains on the average about 6% ThOs and 0.15 to 0.25% UOs.1” 
Production is estimated at slightly over 72,000 tons of monazite. 

The deposits occur on the beaches from Cape Frio to Recife, a linear dis- 
tance of 1,800 km although most rich sands are in the southern 700 kilometers. 
Principally they avoid the forelands and are in the crescents. The rich deposits 
occur quite close to the strand line or on elevated bars but lower grade ones are 
recorded inland, in the recent river deltas, even in the elevated Cenozoic strata 
and some are along streams."** According to Krusch *™ the sands rarely have 
more than 6 percent monazite and most are even lower grade. This warning 
suggests that the grade quoted by most sources refers to the concentrate 
whereas the volume refers to the crude sand. Estimates need to be scaled 
down accordingly. The high content monazite sands rarely have more than 
10 m lateral extent although they may be spread along a kilometer or more of 
beach and have a thickness of half a meter. Monazite is said to occur through- 
out very large areas of the beach sand in amounts up to 2 percent but this 
probably should be scaled down to about 1/10 in accordance with all other 
estimates. 

The highest content deposits are at Comoxatiba, Guarapary and Macahe. 
The following beaches in Bahia are said to have supplied some monazite : Santa 
Cruz, Porto Seguro, Trancoso, Comoxatiba to Prado, Alcobaca to Caravelles 
and Vicosa, and Porto Alegre. In Espiritu Santo bars have monazite at Sao 
Matheus, Barra Nova, Praia do Diogo, Riacho, Santa Cruz, Carapebus, 
Meaipi, Maeba, Ouricos, Porto on Ponta do Caju and Barra do Itabapoana.**® 
Comoxatiba and other Prado beaches are worked and are believed to be capable 
of supplying 1,200 tons of monazite annually and are so situated that erosion 


110 Krenkel, E., Geologie Africas, pt. 1, p. 418, Berlin, 1925. 

111 Friese, F., Mineralvorkommen der sudlichen Serra dos Oymores, staat Espirito Santo, 
Brasilien : Zeitschr. prakt. Geologie, p. 143, 1910. De Almeida et al., The beryl-tantalite-cassit- 
erite pegmatites of Paraiba and Rio Grande do Norte, N.E. Brazil: Econ. Gerot., vol. 39, p. 
215, 1944. 

112 Hess, F. L., Industrial minerals and rocks: p. 524, Am. Inst. Min. Met. Engs., New York, 
1937. 

113 Leonardos, O. H., Monazita no Estado da Bahai: Mineracao e Metallurgia, no. 8, Rio de 
Janeiro, 1937. 

114 Krusch, P., Die metallischen Rohstoffe, ihre lagerungsverhaltnisse und ihre wirtschaftliche 
Bedeutung, pt. 2, pp. 65-87, Ferdinand Enke, Stuttgart, 1938. 

115 Miranda, J., Areias ilmeniticas no Brazil: Mineracao e Metallurgia, vol. 7, pp. 195-198, 
Rio de Janeiro, 1943. 
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renews, out of the deeper sand, the heavy minerals armor-layer when it is re- 
moved. The Guarapary deposits are also high grade. High-grade deposits in 
Espiritu Santo are estimated to have 50,000 metric tons of monazite in high- 
grade sand and an indefinitely large amount in low-grade deposits.** These 
low-grade deposits furnish new monazite concentrates when the armor of sur- 
face heavy minerals is removed and at least two harvests can be made. No de- 
pendable estimate of the deposits in Bahia is available. Brazilian engineers 
suggest that the low-grade sands around Caravellas (Bahia) may have over 
500,000 tons of monazite; even 1/10th of this is a lot of monazite. Nearly 
every bar at the mouth of the rivers from the interior has its monazite but 
these are always very low grade. 

Miranda gives the resources for a number of beaches in Brazil as follows: 


TABLE 4 


EXPLORED MONAZITE BEACHES IN BRAZIL 














| 
Location Tons of sand | % monazite | Tons of monazite 
Carapebus | 48,480 0.46 | 223 
Barra do Itabapoana 229,000 rich (6%?) 13,740 
Picuma | 55,000 | 5.0 | 2,750 
Meaipe 19,950 55.0# 10,950 
Maeba 150,000 | 60.04 | 90,000 
Ouricos 166,000* 10 to 204 23,500 
Ponta do Caju 420,000* 10 to 12# 46,200 
Diogo Coast | 23,353 } 4.35 1,000 


Total | 1,110,783 188,363 
| | 





* Calculated on basis of 1 cubic meter of sand weighing 1.75 metric tons. 
# Content abnormally high and should be cut to 6 percent where estimate is in tons and to 
1 percent where estimate was in cubic meters. . Total then is 33,773 tons. 


Several of the rivers have some monazite in the gold and diamond wash- 
ings. The Pardo River has monazite with the diamond gravel.** The Para- 
guassu near Maracao and the Contas near Bom Jesus dos Meiras have mona- 
zite in the diamon-bearing gravels. The gold-bearing gravels of Rio Para- 
hyba do Sul have monazite in tributaries from the northwest; the Rio Muriaba 
and Rio Pomba have 1.75 parts per million of gold and 5,000 parts of monazite 
(ratio 1 : 3,000) ; resources are not less than 100,000 tons of monazite of which 
50 percent may be recoverable. 

Assessment of Brazil’s monazite resources is nearly impossible. Monazite 
contents of beach sands exceeding 50 percent obviously represent selected 
rather than representative samples. The best estimates indicate high content 
beach deposits to have 50,000 to 100,000 tons of proven reserves. The uncer- 
tainty rests in the importance to be attached to low-grade areas where content, 
recovery, and extent are unknown by direct measurement. Friese estimated 

116 Loren, O. G., Monazite: Mineral Trade Notes, vol. 4, no. 6, pp. 23-25, 1937. Borges, 
D. B., Areias monaziticas do Espiritu Santo: Mineracao e Metallurgia, vol. 7, Rio de Janeiro, 
1937. 


117 Souza Carneiro, A. J., Requezas mineraes do Estado da Bahia, Bahia, 1900. Leonardos, 
O. H., op. cit. 
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that about half of the contained monazite in low content deposits can be recov- 
ered although this seems too optimistic. Leonardos quotes Souza e Silva as 
estimating the ore deposits between Alcobaca and Caravellas at 2.5 percent 
monazite in a volume of 1,300,000 cubic meters (70,000 tons of monazite). 
The content seems about 10 times too high for an extended deposit ; neverthe- 
less the local richness of the beaches, the unusual content of 0.5 percent mona- 
zite in the river alluvium of many streams from the precipitous Shield margin, 
and the relatively continuous extent of the monazite-bearing beach sands along 
500 miles of coast are most impressive. 

Uraniferous bituminous shales and carnotite bearing sandstones could oc- 
cur in Brazil, the former in the Amazon Basin and the northern coastal plain 
and the latter in the Gondwana sediments of the Matto Grosso and the Parana 
Basin. All information now available on the soil and climate make the occur- 
rence of economic deposits about as probable as in the Mauch Chunk beds of 
Pennsylvania. Absence of a source stratum makes occurrence of oxidized sec- 
ondary ores very improbable. 


India. 


India has a shield area which embraces all the southern peninsula and Cey- 
lon and in the northwest it has sediments that accumulated in a steppe climate. 
But the Shield border is ringed with pegmatites containing uranium minerals 
and presenting a set of conditions inimical to lodes. Likewise the northwest 
is unfavorable because its sediments accumulated so rapidly that even bones of 
animals, let alone uranium minerals, failed to be destroyed and pass into the 
groundwater circulation for preliminary surface concentration. Lode deposits 
and carnotite-bearing sandstones are improbable types of deposits for India. 
Bituminous shales are possible, but improbable, Indian sources of radioactive 
substances. The refractory minerals left as a residue from decay of the great 
mass of crystalline rock between the projected base of the Deccan lavas and 
the present land surface constitute the most significant source of radioactive 
minerals. Monazite is the most important of these and has been concentrated 
further in alluvials. Total amount of other uranium minerals probably does 
not exceed ten tons. 

Monazite was discovered on the Travancore Coast and principal interest 
centered there.** The mineral is now known on the east coast as far north 
as the Mahanadi River,?"° and occurs in the Kistna River alluvium. Produc- 
tion up to 1940 was about 45,000 tons. Hess **° indicates that the Travancore 
monazite has over 8.8% ThOs and considerable UOz 

Most monazite is brought to thé coast by rivers and there the alongshore 
current carries it to the lee of the first headland, generally to southward on the 
Travancore coast. Shifting of river courses leaves many deposits seemingly 

118 Tipper, G. H., The monazite sands of Travancore: India Geol. Survey Rec., vol. 44, pp. 
186-192, 1914. Fermor, L. L., Monazite: India Geol. Survey Rec., vol. 70, pp. 260-263, 1935. 
Brown, J. C., India’s Mineral Wealth, p. 271, Oxford Univ. Press, London, 1936. Anonymous, 
Monazite in India: Imp. Inst. London Bull., vol. 33, pp. 355-356, 1935. 

119 Hess, F. L., Industrial minerals and rocks, p. 525, Am. Inst. Min, Met. Engs., New York, 
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in incongruous places. As in Brazil, the Cenozoic age strata have some mona- 
zite streaks. On-shore storms aggrade the bays from May through September 
and replenish the parent sand ; during the remainder of the year, gentler waves 
remove only the light quartz and leave a surface concentration of monazite, 
ilmenite, zircon and other heavy minerals. At a few places where replenish- 
ment is negligible, the principal deposits appear during the on-shore storm 
season. 

The reserves of monazite present as 2 to 5 percent of the beach deposit in 
Travancore *** probably do not exceed 100,000 tons and Krusch’s *** estimate 
of 1,760,000 tons of monazite in high-grade sands is far from fact. However, 
the low-grade deposits in beaches and in Cenozoic strata may reach the 1,000,- 
000 ton mark. 

The east coast deposits lie principally south of Madras. Proven reserves 
in deposits of 1 to 2 percent monazite are about 3,000 tons. Stream beds have 
deposits equally rich and fairly extensive. The east coast deposits are consid- 
ered to have reserves almost as great as those for the west coast area but of 
decidedly lower content. 


Ceylon. 


The island of Ceylon is an outlier of the southern peninsula of India. It 
produced 852 tons of monazite and a small quantity of thorianite.*** The prin- 
cipal deposits are near Galle. However, monazite occurs with the ilmenite 
sands all around the island and particularly on the east coast. These deposits 
are very low grade but it is believed that they contain not less than 1,000 tons 
on the dozen or more beaches where they are known. Mineralogical litera- 
ture *** lists monazite in most crystalline rocks of the island. 


Southeast Asia Tinfields. 


Monazite accompanies cassiterite in the alluvials throughout the southeast 
Asia tin fields.1*° It is rare in the lode deposits, uncommon in the eluvial de- 
posits, and abundant only in dredging ground of the flat valleys. A large num- 
ber of samples *** from the principal states had, on the average, the ratio of 
monazite to one unit of cassiterite as follows: Kedah 2, Dindings 0.3, Treng- 
ganu 15 and Pahang 0.2. The lowest value indicates a ratio of one unit of 
monazite for five of cassiterite. The monazite averages about 6% ThOs and 
has significant UO. This tin belt continues northward into Thailand and 
Burma and southward and eastward into the Netherlands East Indies. To 
southward the Westkuste district of Sumatra **? has abundant monazite and it 


121 Houk, L. G., Monazite sand: U. S. Bur. Mines Inf. Cire. 7233, p. 8, 1943. 

122 Krusch, P., op. cit., p. 76-79. 

123 Houk, L. G., op. cit., p. 12. 

124 Hintze, C., Handbuch der Mineralogie, vol. 1, pt. 4, p. 342, Berlin, 1933. 

125 Krusch, P., op. cit., pp. 78-80. Houk, L. G., op. cit., p. 9. 

126 Anonymous, Occurrence of monazite in the tin-bearing alluvium of the Malay Peninsula: 
Imp. Inst. London Bull., vol. 4, pp. 301-309, 1906. Amang from the Federated Malay States: 
Imp. Inst. London Bull., vol. 9, pp. 99-102, 1911. Johnstone, S. J., Monazite from some new 
localities : Chem. Ind. Jour., vol. 33, pp. 55-59, 1914. 

127 Krusch, P., op. cit., pp. 79-80. Anonymous, Metal und erz, vol. 21, p. 347, 1924. 
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has been identified at Dendang on Billiton *** and in Borneo. In 1940, Malaya 
produced 85,384 long tons of tin and the other countries nearby furnished 
67,394 additional for a total of 152,778 long tons or about 155,000 metric tons. 
In view of the above prevalence of monazite, conservation of it could have 
yielded 3,100 metric tons at only 10 percent recovery. 

Only the Netherlands East Indies has produced any monazite and this came 
as an experimental by-product from their tin operations. Statistics indicate 
1,570 tons produced in 1936-38. Records do not list production in Malaya and 
N. E. I. under the Japanese administration. 


Australia. 


Monazite has been known from New South Wales and Queensland for 
about half a century **® but production began during 1943.*°° Early samples 
came from the alluvial tin and had less than 2% ThOs,'** which makes them 
almost worthless for radioactive elements. Production is from the coastal 
sands found from Byron Bay (N.S.W.) northward for 60 miles along the 
Queensland coast. The deposits occur in the littoral zone and are 1 to 5 feet 
thick; the sands extend 25 to 30 feet back from the low water mark, where 
sand dunes cover them. IImenite, rutile, zircon, and garnet are the most 
abundant minerals. Comparisons listed give the impression that the crude sand 
has only about 0.01 percent monazite but is valuable for its ilmenite. Even 
such extensive deposits probably do not contain 1,000 tons of monazite. 

The ilmenite sands of Tasmania and the tin ores of Mt. Bischoff also have 
a small amount of monazite. 

Australia has some refractory uranium deposits at Mt. Paynter and at 
Radium Hill in South Australia.1*? The deposits are essentially pegmatites 
containing uraniferous titanoniobates in an ilmenite matrix; autunite appears 
as a weathering product along fractures. The deposit was estimated to have 
90,000 tons of ore containing about 0.2% Us3QOs. 

The Moonta copper mines have combustible, thucholite-like substances 
carrying considerable uranium. No estimate of the amount is available. 


RESOURCES OF POTENTIAL PRODUCING COUNTRIES. 


A number of countries have produced no uranium or radium but obviously 
can enter the field when the current situation is clarified and an industrial re- 
quirement is established. Sweden certainly is significant *** and the indications 
are that the Union of South Africa may be an important contributor.*** The 


128 Hintze, C., op. cit., p. 342. 

129 Dunstan, B., Mining World, Aug. 26, 1905. 
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131 Hintze, C., op. cit., pp. 366 and 370. 

132 Mineral Resources of the U. S. for 1912: U. S. Bur. Mines, pp. 1026-1028, 1913. Brown, 
H. Y. L., in Gee, L. C. E., Uranium ores and other rare metals in South Australia: S. Aus- 
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entire coast of Africa is potential monazite territory. It is not feasible now to 
assign a potential reserve to these places, on the small amount of evidence in 
the literature, any closer than the possible magnitude of their potential. Any 
figures given in this section should be considered with the above limitation. 

Sweden.—The only known uranium deposits of any significance in Sweden 
are in the alum shale and the Dictyonema shale.*** Thucholite-like hydrocar- 
bons occur with several iron ores, at Varutrask and at Boliden.*** Uraninite 
is represented by a single specimen at Varutrask and by a pegmatite of uncer- 
tain content between Goteborg and Varberg at Torpa.*** The occurrence of 
mesothermal lodes is precluded by the pegmatite type of mineralization all 
around the periphery of the Shield even more than by the complete absence of 
known mesothermal lodes of any sort. No sediments suitable for carnotite 
sandstone type deposits are known. Weathering is so shallow that even oxi- 
dized secondary minerals are curiosities. 

The alum shales are found in six areas of Sweden and have varying but 
high uranium content in all. Shales in at least two of the areas have nodular 
masses of a hydrocarbon, called kolm, containing about 0.5% UsOs. The kolm 
was mined at Stora Stolan in 1909 to be used for radium recovery.’** It had 
0.5% UsOs here and 9.36 and 0.4 percent at Karlsro and Ulunda.*** About 
200 tons of kolm were obtained from about 8,000 tons of alum shale from a 1.5 
m zone at Stora Stolan. The venture was not a success but it does indicate 
80,000 tons of kolm, with 400 metric tons of UsOxs per square kilometer, at 
least in some areas. The area adjoining Stora Stolan is underlain by 389 
square kilometers of kolm-bearing strata. Kolm is described also from 
Narke.**° It is less abundant in Ostergotland and Kinnekulle. 

All alum shales in the Peltura scaraboides horizon are uraniferous,’** and 
these constitute the principal oil shales of Sweden. The oil shale plant at 
Kvarntorp has piled its ash instead of*back-filling it into the open pit.*? The 
uranium content of 7.5 to 10 m of shale in Narke (Kvarnterp) and Vastergot- 
land (Stora Stolan) is 225 grams U per ton (0.026% U;Os3).*** In Oster- 
gotland (Skaningstorp) 4.7 m of shale have 0.015% UsOs. The shales in 
Skane have no kolm but are much thicker than in Narke or Vastergotland and 
have up to 130 grams per ton or 0.015% U3Oxs.%* That the total amount of 
uranium in the alum shales of Sweden probably is considerable, can be calcu- 


185 Westergard, A. H., Borrningar genom alunskifferlagret pa Oland och i Ostergotland 1943: 
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undersékning, ser. C, no. 464, 1944. 
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140 Westergard, A. H., Sveriges Olenidskiffer: Sveriges geol. undersékning, ser. Ca, no. 18, 
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lated from the content and the area that the shale is known to underlie ; but only 
a small part may be recoverable. The climate will interfere seriously with 
maintenance of large extraction plants. 

The Dictyonema shale of Ostergotland has 140 grams U per ton or 0.016% 
U3Os and 3.2 m average thickness. . 

Of the uranium in shales only that contained in kolm is easily concentrated 
by mechanical means. The residue is tightly bound up in the shale and can be 
separated from the clay minerals only by chemical methods and then with great 
difficulty. These shales are outstanding for their high uranium content and 
reasonably large areal extent. Also, except for the possible Onwatin slate, 
they are the oldest bituminous series, which may be a pertinent fact. 

The East African Crystalline Area—An almost continuous strip of crys- 
talline rocks extends along the east side of Africa from Southern Rhodesia to 
east of Cairo, Egypt. The mass is broad as well as long but it is broken at sev- 
eral places by Rift Valleys and thereby loses any qualification which it may have 
had to be classed as a Shield or equidimensional massif. However, monazite 
and refractory uranium minerals appear at numerous places along its length. 
Occurrences are listed from north to south. 

Egypt.—The Nile mouths at Damietta and Rosetta have been worked for 
ilmenite and monazite on their beaches.**® Content is not stated. The minerals 
probably came from the crystalline rocks far upstream. 

Uganda, Kenya, Tanganyika.—Monazite, polycrase and euxenite have been 
found in the S.W. Ankole district of Uganda. Monazite is an important con- 
stituent of the alluvials in the Juba River of Somaliland. It is reported also 
from Patta Island in Kenya Colony.’*® Close to Nanyuki near the head of the 
Tana River, monazite and refractory uranium minerals are reported in the 
Loldaiga Hills.*** The Somaliland monazite originated in the crystallines but 
occurs now, at least in part, in the Nubian sandstone and recent stream de- 
posits.** Several monazite localities are on record for Tanganyika Terri- 
tory **° and it appears in the sands of the Shira River near Chiromo, in Nyasa- 
land.*°° The frequency of occurrences along this area indicates that it is a 
monazite province and the mineral is to be expected in commercial amounts in 
the coastal sands near the mouths of the principal rivers like the Juba, Ruvuma 
and Zambesi. 

Nigeria.—Monazite appears with cassiterite in concentrates from the al- 
luvial and eluvial tin deposits in Nigeria.‘** The ThOs content is said to be 
relatively low and the total monazite present is not unusual. 

Union of South Africa—Uraninite and refractory uranium minerals have 
been reported in pegmatites of ancient granite and gneiss of Southwest 

145 Minerals Yearbook for 1944: p. 866, U. S. Bur. Mines, 1945. 

146 Hintze, C., Handbuch der mineralogie, vol. 1, pt. 4, p. 344, Berlin, 1933. 

147 Anonymous, Mining Journal, vol. 179, p. 826, London, 1932. 

148 Voeltzkov, A., Reise in Ostafrica i. d. Jahr. 1903-1905 (1911). 

149 Hintze, C., op. cit., pp. 344-345. Krenkel, E., Geologie Africas, pp. 412-413, Leipzig, 
1925. 

150 Hintze, C., op. cit., p. 366. 


151 Johnstone, S. J., Monazite from new deposits in Africa: Soc. of Chem. Ind. Jour., vol. 
33, p. 55. 
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Africa,*** Namaqualand,*** and Swaziland.*** Here the content is only that 
usual for pegmatite occurrences and recovery of considerable quantity cannot 
be expected from this source. Carnotite has been reported from the Karroo 
System sediments near Beaufort West but there is nothing in the account to 
indicate the magnitude of the deposit. 

Of greater import, are the Witwatersrand gold reefs. Cooper *** reported 
uraninite in the concentrates from the Central Rand Mines. The quantity was 
of the order of 0.0013 parts per million. Pirov *** confirmed by measurement, 
radioactivity in certain Rand ores. Du Toit *** mentions that the diamonds 
from six mines in the East Rand and from the Gold Estates Reef at Klerksdorp 
are greenish. Crookes’ experiments have shown that green color is induced 
in diamonds by radiation. The green color in the Banket diamonds shows that 
these reefs have higher uranium content than had been indicated by the early 
mill studies. Du Toit lists green diamonds from the Black Reef at Klerks- 
dorp *°* as well as from older strata and mentions uranium compounds in the 
reef (p. 81) but lists them as definitely secondary. The recent interest in ura- 
nium everywhere has spread to the Rand according to a recent announce- 
ment *°° which states : 


“From indications, many parts of the Witwatersrand gold mines may contain con- 
siderable quantity of ores from which uranium may be extracted. This possibility 
is now being investigated.” 


Since the Rand mines mill over 60,000,000 tons of ore annually as they extract 
the gold, this is the largest, ready source for industrial uranium.’*° Occurrence 
of uraninite in the Black Reef, which is rarely mined for gold, indicates that 
many reefs uneconomic for gold may have significant uranium. 

Pitchblende was reported in the Messina No. 5 shaft, at the extreme north- 
ern border of the Transvaal.’** 

Monazite and refractory uranium minerals occur in the alluvial tin deposits 
of Swaziland, in the ilmenite beach sands at the mouth of the Komati River, 
and on Durban beaches.’**? The content is low and probably will not be attrac- 
tive with so many better sources of radioactive materials within the country. 


152 Dahms, A., Zeitschr. prakt. Geologie, vol. 20, p. 243, 1912. 

153 Gevers, T. W., Phases of mineralization in Namaqualand pegmatites: S. Africa Geol. 
Soc. Trans., vol. 39, pp. 331-379, 1936. 
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Min. Soc. Jour., vol. 24, pp. 90-95, 1923. 
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South African geologists generally consider that the primary source of the 
Witwatersrand gold is in alluvials derived from the Swaziland System of crys- 
talline rocks. The original alluvial gold and most of the matrix minerals in 
the original gravel have been reorganized considerably by circulating ground- 
water. The uraniferous character of the Swaziland crystallines suggests that 
the uranium mineral in the gold deposits is also alluvial; however as uranium 
is more mobile than gold in groundwater, so greater reorganization of its carry- 
ing minerals is to be expected and the variations recognized for gold may be 
modified for uranium. 

Looking around for the place most likely to supply industrial uranium in 
amounts required at a reasonable cost and in the immediate future, the Wit- 
watersrand looks like the best place because of the prepared state of the material. 


AMHERST COLLEGE, 
AMHERST, Mass., 
April 19, 1950. 











THE STATUS OF COAL RESOURCES STUDIES.’ 
WALTER V. SEARIGHT. 


ABSTRACT. 


Discussion of the status of coal resources studies is mostly restricted 
to mapping of coals, exploration, overburden studies, mined out areas, 
areal variation studies, and estimates of coal reserves. The work of 
various workers and agencies in each type of study is summarized and 
comments on the adequacy of the various studies are made. 


THE subject of coal resources is a broad one which may readily be expanded 
to include much of the field and laboratory work on coal. Studies of important 
coal areas in the various coal fields of the United States have been made from 
time to time in varying degrees of completeness. Descriptive studies of the 
geology of coals are most complete, in general, for those areas and districts in 
which coal mining is most important. They are most nearly adequate for 
areas in the Appalachian region and in the Illinois basin. Outside of these 
areas, with some exceptions, descriptions of coal and its occurrence have been 
studied less comprehensively perhaps, but information is now available for 
most areas. In this discussion, studies of coal resources will necessarily be 
restricted to only a few phases. These include mapping of coals, exploration, 
overburden studies, mined out areas, areal variation studies, and estimates of 
coal reserves. 

Most of the material on which this discussion is based has been contributed 
by men connected with State and Federal agencies. State Geological Surveys 
have cooperated with information on coal studies in progress in various states, 
and information has been contributed by several men of the U. S. Bureau 
of Mines who are making coal studies. Acknowledgment is made to the fol- 
lowing men for assistance and cooperation: C. E. Anderson, Paul Averitt, 
Ralph L. Brown, G. H. Cady, C. H. Cathcart, Robert H. Dott, G. E. Eddy, 
Sheldon L. Glover, W. D. Hardeman, H. G. Hershey, F. W. Libbey, John 
T. Lonsdale, B. R. MacKay, John H. Melvin, V. P. Parry, Paul H. Price, 
Joseph T. Singewald, Jr., Francis A. Thomson, A. L. Teonges, F. M. Van 
Tuyl, Charles E. Wier, E. B. Wood. 


MAPPING OF COAL, 


Mapping of coal beds of the United States has been in progress for over 
half a century and the general distribution of coal beds has been determined 
by Federal and State agencies over a period of many years. Coal distribution 
is described and maps made in many hundreds of State publications and in 

1 Presented before the Society of Economic Geologists, Committee on Coal Research, New 


York meeting, November, 1948. Published with permission of E. L. Clark, State Geologist, 
Missouri Geological Survey and Water Resources. 
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reports of the United States Geological Survey. Mapping by the United 
States Geological Survey has covered some areas in all regions and is the 
only areal work done in many areas west of the Mississippi River. 

Maps showing coal are most complete for those areas of the Appalachian 
and Eastern regions where coal mining has been most active. 

Workable bituminous coal beds of Pennsylvania are now largely mapped 
on a scale of 1: 62,500. Only about three 15-minute quadrangles remain to be 
mapped on this scale. Although no detailed revision of maps of the anthracite 
field has been made since the 80’s, work is now in progress in this field by the 
United States Geological Survey. In West Virginia, basic mapping of coals 
is essentially complete. Each county of the State is now mapped on a scale 
of one inch to the mile. This scale permits delineation of the outcrop of 
each of the 63 minable coal beds of the State. The Georges Creek basin in 
western Maryland, mapped formationally in 1907, has been restudied to de- 
termine the extent of the lower coal beds. The Casselman basin first mapped 
in 1900-1902 is also being mapped in detail by the United States Geological 
Survey. Both of these basins are areas of low volatile coals. A map of 
Holmes County, Ohio, showing the location of outcrops of the Lower and 
Middle Kittaning coals, has been published and similar maps of Perry and 
Coshocton Counties are being printed. Field parties are mapping the geology 
of Stark, Athens, Hocking, and Morgan Counties in Ohio. Many other un- 
published coal outcrop maps are in the files of the Ohio Geological Survey. 

Mapping in eastern Kentucky in Leslie County is being initiated by the 
United States Geological Survey and likewise in the southern part of the Cum- 
berland Plateau in Tennessee. The Deep River field in North Carolina is 
included with current mapping projects of the United States Geological Survey. 

The Coosa field in Alabama is also being mapped by that agency. Coal 
beds of Dake and Walker Counties, Georgia, have recently been mapped and 
studied cooperatively by the United States Geological Survey and the United 
States Bureau of Mines. 

Little has been done recently on the mapping of coal in the Northern Re- 
gion, which is entirely within the State of Michigan. A cooperative project 
between the Michigan Survey and the United States Geological Survey is 
being planned to map the extent and thickness of Michigan coal beds. 

In the eastern region, coal beds of the Illinois basin were mapped and pub- 
lished with coal district reports. These, although they were completed more 
than two decades ago, are yet among the most important literature on coal 
of the Illinois basin. Additions and revisions of these maps have been made 
constantly since their completion and the present time. A program of de- 
tailed mapping of coal beds in Indiana has been begun. Field work on four 
seven and one-half-minute quadrangles was completed during the last season 
and six similar quadrangles will be completed in the field season of 1949. 

In the Western Region, in Oklahoma, an area including probably well over 
half of the outcrop area of coal bearing beds has been mapped. The Hart- 
shorne and McAlester coal beds from the Lehigh district through the McAlester 
district to the Arkansas line near Heavener have been mapped by the United 
States Geological Survey. The Secor coal in northeastern Pittsburg County 
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has been mapped by the same agency. The Hartshorne, Stigler (Mc- 
Alester?), and Secor coals have been mapped in Haskell County and the 
work is essentially completed for publication. Mapping of the same coal 
beds and the Cavenal bed in northern LeFlore County is nearly finished. 
The Broken Arrow bed has been mapped from Arkansas River to a line a little 
north of Claremore. The map and report on this coal was recently published 
by the Oklahoma Geological Survey. 

Outcrops of the minable coals of Kansas have been mapped by the United 
States Geological Survey and the Kansas Geological Survey. Coal beds in 
important mining areas in Missouri were mapped in the interval between 1911 
and 1925 through cooperation between the Missouri Geological Survey and 
the United States Geological Survey and by the Missouri Geological Survey. 
These include the coal beds of Vernon County, of the Clinton and Calhoun 
quadrangles in Henry County, the Huntsville and Bevier quadrangles in Ma- 
con and Randolph Counties, and an area in northern eastern Missouri includ- 
ing parts of Putnam, Schuyler, Sullivan, and Adair Counties. Identification 
and correlation studies on coal beds preliminary to additional mapping are 
well under way. Particular attention is being directed toward coal beds of 
the Cherokee and Marmaton Groups. The Iowa Geological Survey has been 
engaged for a number of years on the mapping and study of Iowa coals. 

The general distribution of Texas strata which contain coal, both bitumi- 
nous and lignite, has recently been published in a review of coal production of 
Texas.” 

Most of the coal fields of the Rocky Mountain area were mapped by the 
United States Geological Survey in the two decades before 1920. In some 
areas detailed mapping of coal beds has been done by State and Federal agen- 
cies. Work is in progress or reports are in preparation by the United States 
Geological Survey on several projects in the Rocky Mountain region. These 
include the Powder River field, Montana, the Spotted Horse field, Wyoming, 
the Yampa, Paonia, Trinidad, and Durango fields in Colorado and the Chace 
River field in New Mexico. The Lewis and Thurston County fields of Wash- 
ington are being mapped by the United States Geological Survey. 


MAPPING OF MINED OUT AREAS, 


The mapping of mined out areas is important in the planning of develop- 
ment in areas of former mining. Mined out area maps are also useful in de- 
tailed areal mapping. They are also important in estimation of reserves lost 
through mining. Maps of underground mines, for the most part, must be 
obtained from operators. In old areas, many are no longer obtainable, and 
other means, such as the use of production figures,.must be used to estimate 
removal of coal. 

Maps of areas mined out by strip mining are, however, readily available. 
If they cannot be obtained from the operator, the geologist or engineer can 
readily map them in the field. Aerial photographs supplemented by field ex- 
amination permit accurate delineation of areas mined out by open pit methods. 
Very old pits, now overgrown, can commonly be identified and mapped by the 


2 Stenzel, H. B., Review of coal production in Texas: Texas Univ. Pub. 4301, p. 200, 1946. 
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aid of aerial photographs and field work. The United States Forest Service, 
in recent studies of strip-pit reclamation, has prepared maps of mined out areas 
in several states. Some of these maps are state-wide in scope. Strip-mined 
areas in the southeastern Kansas coal field have been mapped and published by 
the Kansas Geological Survey, the areas being revised to 1946. Maps of all 
important stripped-out areas in Missouri are in the files of the Missouri Geo- 
logical Survey and Water Resources, with revisions mostly to date. 


OVERBURDEN STUDIES. 


Overburden studies of the thickness and character of rocks overlying coal 
beds have been made in many areas where strip mining permits examination 
of highwall exposures. These have been made to supply information on min- 
ing practices, for stratigraphic information, and as a guide in reclamation 
studies. General lithologic composition of spoil banks, Ph and other chemical 
studies, and studies of weathering characteristics have been made by the United 
States Forest Service in cooperation with other agencies. 


EXPLORATION. 


Much exploratory drilling to prove coal properties has been done by op- 
erators and considerable exploratory work has been done in many places by 
the United States Bureau of Mines. Much information in the form of cores, 
samples, and drill records may be obtained from coal operators. Cores 
and cuttings, for the most part, must be obtained ut the time of drilling. Drill 
records are preserved in the files of engineering departments of coal mining 
companies. Some Surveys collect and file all such records. The Missouri 
Geological Survey has obtained several hundred records of coal tests within 
the last year in the course of other work and a few thousand others are avail- 
able. Cores, samples, and drillers logs of holes drilled for oil, gas, and water 
are of course normally acquired and filed by geological agencies. 

Exploratory core drilling by the United States Bureau of Mines in the 
search for reserves of coking coal and coal suitable for blending is a very im- 
portant addition to our knowledge of this essential fuel. The Bureau has 
been active in many places. The Georges Creek basin in western Maryland 
has been explored for deeper coals and the Casselman Basin nearby is being 
drilled. Twenty-six holes had been drilled in September 1948 and drilling 
is to continue to February of 1949. Coking coals of Lookout Mountain, Ten- 
nessee, and in DeKalb and Cherokee Counties, Alabama, have been drilled. 
Several areas in the Rocky Mountain Region have also been drilled, including 
the Coal Creek District in Gunnison County, Colorado, and the Willow Creek 
district at Kemmerer, Wyoming. Part of the Coos Bay Coal field in Oregon 
has been recently explored by the U. S. Bureau of Mines. 


AREAL VARIATION STUDIES. 


Studies of areal variation in thickness, differences and similarity in chemi- 
cal character, physical characteristics, and petrographic and floral ingredients 
are of importance to many phases of coal study. They are important to ex- 
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tractability, preparation, and utilization of coal. Lateral changes in thickness 
and character of coal beds probably is concerned in studies of coal genesis and 
diagenesis. Paleography and environments of periods of coal accumulation 
should be advanced by such investigations. Variations in thickness and qual- 
ity are commonly recognized in descriptions of coal areas, but maps of regional 
changes in thickness and character are uncommon. That certain beds of coal 
are uniform in one district but lacking in uniformity in another is commonly 
recognized. 

Data on chemical variations in coal beds are abundant but relations of chem- 
ical composition to areas has been given too little attention. However, stud- 
ies of thousands of analyses of Illinois coals, bed by bed, and county by county 
are arranged to show regional variations in chemical and calorific character. 
In this important work, the ranks of Illinois coals have been mapped on a 
state-wide basis so that variations in rank in the Illinois basin are apparent.® 

The West Virginia Geological Survey is engaged in areal studies of vola- 
tile matter, fixed carbon, ‘sulphur, hydrogen, oxygen and nitrogen as well as 
calorific value and ash fusion. Areal variations in chemical constituents are 
also being given special attention in studies of the coalfields of Nova Scotia by 
the Canadian Geological Survey.‘ 


COAL CHEMISTRY, 


Little comment will be made on this fundamental field of coal study. 
Representative analyses of coals of most areas of the United States are avail- 
able. Those for some fields are old, and analyses made by accepted analytical 
procedure are needed. Most analyses made before 1912 are inadequate. 
More analytical laboratories are needed in connection with Geological Surveys 
and other agencies, and some geological surveys are planning for or seriously 
contemplating addition of personnel and equipment for chemical work. In 
this connection, the outstanding work of the coal chemists of the Illinois Geo- 
logical Survey and the U. S. Bureau of Mines have been the standard for the 
United States. 

ESTIMATES OF COAL RESERVES, 


A comprehensive estimate of coal reserves of the United States was made 
by Campbell in 1929.5 Bituminous coal 14 inches thick and more to a depth 
of 3000 feet was included in those estimates. A more recent state by state 
estimate was made by Hendricks in 1939.6 Campbell’s estimates were the 
basis of Hendrick’s estimates, modified by removals and by additions believed 
to be justified on the basis of other factors. Coal reserves were recently com- 
pared with those of other sources of energy by Fieldner.’ 


3 Cady, G. H., Classification and selection of Illinois coals: Illinois Geol. Survey Bull. 62, 
1935. Analyses of Illinois coals: Illinois Geol. Survey Supplement to Bull. 62, 1948. 

4 MacKay, B. R., personal communication, 1947. 

5 Campbell, M. R., The coal fields of the United States: U. S. Geol. Survey Prof. Paper 
100, Table app. p. 24, 1929. 

6 Hendricks, T. A., Coal reserves: Fuel Reserves of the United States, pt. 2, sec. 1, pp. 
281-286, Report of Energy Resources Committee, National Resources Committee, Government 
Printing Office, Washington, D. C., 1939. 

7 Fieldner, A. C., The national fuel reserves: Mechanical Engineering, pp. 221-226 and 
228, March, 1947. 
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Two important coal committees, the Bituminous Coal Advisory Council and 
the Coal Resources Committee, and other agencies are active in efforts to 
find ways and means of making a rapid resource survey of coals east of the 
Mississippi. : 

Several State agencies have recently computed their coal resources on 
the basis of recoverability on a cost basis. As examples, in Georgia, such 
estimates indicate that approximately 25 percent of the reserves can be mined 
at present costs, that an additional 50 percent at an increase of 50 percent 
of present costs, and that the remaining 25 percent at costs double those 


‘ now prevailing.* Estimates of recoverable reserves of New Mexico made on 


a similar basis suggest that 20 percent of the coal is minable at or near present 
costs, 10 percent by open pit methods at less than present costs, 30 percent 
at one and one half present costs, and 40 percent at costs double those of the 
present.® 

Estimates of coal reserves of Pennsylvania have recently been revised on 
the basis of recent data by Ashley. Results were classified by beds 1 to 2 feet 
thick, 2 to 3 feet thick and beds over 3 feet thick. These were considered 


‘to be 1) future reserves, including coal beds between 1 and 2 feet thick or 


otherwise not commercially minable at present, with recovery estimated at 50 
percent; 2) immediate reserves, those coals between 2 and 3 feet thick, high 
cost coal, minable for local use or on a larger scale if higher cost can be met; 
and 3) available coal which can be mined under present prices and costs.’ 

Coal reserves of Kansas were recently revised by the Kansas Geological 
Survey."t | Here, however, estimates were made on the basis of both thickness 
and depth. In the Western Region, Kansas, along with Oklahoma and Mis- 
souri, most coal beds are thin compared with those of the Eastern and Appala- 
chian regions. Most of the coal is mined by open-pit methods. Kansas esti- 
mates were based on the assumptions that 10 inches of coal is potentially re- 
coverable and that the following thickness and depths are considered minable 
in Kansas: 


Thickness of coal Depth 
in inches in feet 

16 100 

18 150 

22 200 

32 600 

36 1200 


These assumptions are much more conservative than those previously used, 
and a comprehensive restudy of coal resources cut total reserve figures 41 
percent over Hendrick’s estimates for Kansas. 

The depth-thickness method used in Kansas appears to have merit because 
thickness and depth, other factors being ignored, largely determine the order 
in which coal beds will be mined. In this region, where reserves of strippable 

8 Peyton, Garland, Georgia coal reserves: Memorandum for the Research and Coordinating 
Committee of the Interstate Oil Compact Commission, July 21, 1948. 

® Anderson, E. C., New Mexico’s coal reserves: A memorandum to the Chief Executives 
Office, July 29, 1948. 

10 Ashley, G. H., Pennsylvania’s mineral heritage, coal: Pennsylvania Topog. and Geol, 
Survey, pp. 77-86, 1944. . 

11 Kansas Geological Survey, Coal Reserves of Kansas, 1948, 
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coal are limited to a few decades at most, mining methods and costs of recovery 
after exhaustion of strippable reserves are most uncertain. Presumably, the 
region will return to underground mining. On the basis of past experience 
Kansas figures may well be expanded. Considerable coal 18 inches thick 
has been mined in Missouri at depths greater than 200 feet, and coal 22 inches 
thick was mined for decades in Kansas and Missouri at a depth of 720 feet. 
Some coal 36 inches thick was mined in Kansas at a depth of nearly 1200 feet. 
In England coal 30 inches thick is being mined at nearly 1500 feet and 36-inch 
coal at Sydney, Australia, at a depth of 3000 feet. Coal 12 inches thick is being 
mined in large scale operations in Kansas, and considerable reserves of coal 
a foot thick have been proved by drilling in Missouri. It appears that coal 10 
inches thick less than 50 feet in depth is a minable resource in areas of thin 
coal. It seems that coal 14 inches thick at 100 feet, 22 inches thick at 900, 
and 30 inches at 1700 feet or more may reasonably be included as reserves in 
areas of thin coal. Possibly, beginning with 14 inches of thickness at 100 feet 
depth, increasing one inch for each 100 feet additional depth down to 1700 feet 
is a reasonable basis of estimate. Below that depth a thickness of 32 inches 
at 2000 feet and 34 inches at 2600 feet seems to be in accord with foreign ex- 
perience. On this basis coal beds 15 inches thick at 200 feet, 16 inches at 
300 feet, 17 inches at 400 feet in depth would be considered potential resources. 

Kansas resources were likewise estimated on a basis of recoverability, as 
potential and proved reserves. Both classes of estimates are desirable and 
useful. Potential reserves are those inferred to be available for future use. 
The proved deposits of the Kansas estimates are those which, on the basis of 
reasonable criteria, are available for mining under present conditions. They 
differ from the proved coal lands of the coal operator in that the operator in- 
cludes coals prospected and measured as proved reserves. 


TECHNOLOGIC AND OTHER STUDIES. 


Technologic studies, studies of rank, selection, recovery methods such as 
underground gasification, studies of preparation, utilization, blending, prepa- 
ration of synthetic liquid fuels, combustion and others are outside the scope of 
this paper. Such studies, however, are intimately related to coal resources, 
inasmuch as the future of coal will be concerned to an unknown extent by the 
results of these studies. The important selection studies, preparation, and 
utilization studies of the Illinois Geological Survey and the technologic studies 
of the U. S. Bureau of Mines are most important. Much significant work is 
being done by agencies such as the Bituminous Coal Research organization, 
Battelle Institute, and others. 


Rotia, Missouri, 
Feb. 4, 1950. 





STRUCTURAL AND TECTONIC STUDIES IN 
THE COBAR MINERAL FIELD, 
NEW SOUTH WALES.* 


G. F. JOKLIK. 


ABSTRACT. 


The Cobar gold and copper deposits are localized in shears situated en 
échelon along a “discordant contact” (11),? between rock formations of 
unequal competence. This paper is a study of the fracture pattern, folding 
and faulting, local and regional, which leads to an understanding of the 
sequence of tectonic events that brought about the structure system con- 
trolling the emplacement of ore. 


INTRODUCTION. 


From the Cobar Copper and Gold Mining Field, New South Wales, situated 
464 miles west-northwest of Sydney, approximately 130,000 tons of copper 
and 1,000,000 ounces of gold have been produced. E. C. Andrews (2) gave 
a detailed account of its early history, and pioneered its geology. 

Between 1935 and 1938, when interest was being revived in the area after 
the post-war slump, A. C. Lloyd (8) carried out reconnaissance mapping on a 
regional basis. 

During the last three years the producing mines and their environs have 
been investigated by geologists employed by the Zinc Corporation Ltd., the 
Department of Mines, New South Wales, and the Bureau of Mineral Re- 
sources, in association with which the writer carried out his researches. 

The area selected for detailed investigation includes the Queen Bee-Mt. 
Nurri eminence, extending from 10 to 22 miles southeast of Cobar. The 
northern extremity is the Central Mine, 814 miles southeast of Cobar, and the 
southern limit is at the Rookery Station Homestead, 241% miles from Cobar in 
the same direction. 

The purpose of this paper is to show how a detailed interpretation of the 
tectonic geology and some structural observations in this limited area, to which 
the name “Bee-Rookery area” will be applied, leads to an understanding of the 
sequence of deposition and localization of the Cobar gold and copper deposits. 
Accordingly, only a brief outline of the stratigraphy is presented. 

Frequent reference to Figures 1 and 2 will be found helpful. 


GENERAL GEOLOGY. 


The following stratigraphic summary of the Cobar area is a modification of 
E. C. Andrews’ original classification (2). 
1 Published by permission of the Director, Bureau of Mineral Resources, Geology and 


Geophysics. 
2 Numbers in parentheses refer to Bibliography at end of paper. 
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Post Tertiary: 
Alluvium and detrital rock. 
Devonian: 
Amphitheatre Group. 
Silurian: 
Mallee Tank Group. 
Rookery Limestone. 
Undifferentiated Sediments. 
Weltie Chert. 
C. S. A. Group. 
Cobar Group. 
Nurri Formation—interbedded shale and sandstone, quartzite, tuffaceous 
sandstone, conglomerate. 
Sandstone. 
Slate. 
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Andrews’ scheme has been altered to conform with the Revised Australian 
Code of Stratigraphic Nomenclature (7). His “Weltie beds” and “C. S. A. 
beds” have been included in the Silurian sequence on grounds of lithology and 
field relations. Subdivision of the Cobar Group and the Mallee Tank Group 
into formations was found convenient in the light of the writer’s findings. 

The Cobar Group occupies the western portion of the Bee-Rookery area 
and consists of slate, sandstone and coarser tuffaceous rocks including dense 
conglomerate. The slate and sandstone formations are best represented in 
the immediate vicinity of the town of Cobar and the nearby mines. Rocks of 
the Nurri Formation, in particular conglomerate and tuffaceous sandstone, 
form a long line of residuals, the Bee Mountain-Mount Nurri Range, by virtue 
of their inherent resistance to erosion and their impregnation by siliceous solu- 
tions. ‘Changes of facies are common throughout the Cobar Group, a shore- 
line deposit, and explain sudden changes in lithology along the strike of the 
bedding. 

The C. S. A. Group (named after the C. S. A. mine, situated seven miles 
north of Cobar, the type area for this Group) includes sandstone, slate, chert, 
claystone and quartzite, and bears strong lithological resemblance to the Mallee 
Tank Group. 

The Mallee Tank Group borders the Cobar Group to the east. The radio- 
larian Weltie chert is exposed from three to fifteen miles east of Cobar (2), 
and is overlain by a formation of mudstone, claystone, unfossiliferous lime- 
stone, calc-breccia, chert, quartzite and conglomerate. The youngest and most 
westerly Formation is the Rookery Limestone which bears a rich Upper 
Silurian fossil fauna. 

All sediments that outcrop in the Bee-Rookery area are of Silurian age, but 
rocks of Devonian age occur elsewhere in the Cobar district, a considerable 
thickness, the Amphitheatre Group, being exposed to the west of the C. S. A. 
Group along the Cobar-Wilcannia Road. Andrews (2) describes fully the 
lithology of his Amphitheatre “Series.” 

Although mineralization is wide-spread, outcrops of igneous rock are rare 
in the Cobar area. Two small porphyry pipes south of the Queen Bee Mine 
are situated on the southward projection of the Queen Bee fault, and are pos- 
sibly related to ore injection. 


STRUCTURE. 


3efore discussing the geological structure and its analysis it is convenient 
to summarize the writer’s interpretation of the mechanics and geological history 
of ore emplacement at Cobar. 

Mineralization is confined chiefly to the Cobar Group and is localized in a 
series of en échelon thrust faults situated along a “discordant contact” between 
competent and incompetent beds. In the northern portion of the area this 
faulting involved the sandstone and slate formations, but to the south the dis- 
placed rocks were those of the Nurri Formation and the sediments adjoining 
them to the west. 

During the epi-Silurian Bowning Orogeny a regional shearing couple 
caused folding and initial faulting of the “discordant contact,” and during the 
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epi-Middle Devonian Tabberabberan Orogeny thrusting from the northeast, 
accompanied by granite injection at depth, brought about thrust-faulting paral- 
lel to previously established planes of weakness, and, finally, as the stresses sub- 
sided, mineralization of the faults. 

Regional Structure —The regional trend of the bedding in the latitude of 
the Cobar-Canbelego-Hermidale district is N 35° W, and, proceeding from 
older sediments to younger, a cross-section at right angles to the strike includes : 

(1) A crushed and crumpled basement, the Cobar Group, folded by east- 
west compression into a series of sharp appressed anticlines, and broader, more 
gentle, synclines. 

(2) Incompetent Upper Silurian strata, the Mallee Tank Group, folded 
conformably with the Cobar Group on a regional basis, but not revealing the 
same degree of crumpling in detail. 

(3) Upper Devonian strata which were folded and crumpled unevenly and 
which have been removed almost completely from the central domed-up por- 
tions of the Cobar Shield (2). 

Only the first two of these units occur in the Bee-Rookery area. The Nurri 
Formation is folded into a sharp anticline which is bordered to the west by a 
zone of overthrust movement, and to the east by the shallow, synclinal Mallee 
Tank beds from which it is separated by a normal fault, prominent in the 
southern section, but obscured to the north by a great thickness of alluvium 
and detrital rock. Proceeding from south to north the regional strike of the 
Mallee Tank beds undergoes a gentle deflection to the west, which is not nearly 
so pronounced in the structure of the Cobar Group. 

Structures in the Cobar Group.—The Nurri Formation has been folded into 
a regional anticline whose axis can be traced north beyond Cobar. Sullivan 
(11) showed that changes in the pitch of this structure define areas favorable 
for ore deposition. The fold is nearly isoclinal, and on it are superimposed 
minor folds of varying amplitude. 

In the vicinity of Cobar the general dip of the bedding is at high angles to 
the west; in the Bee-Rookery area steep easterly dips are general. At the 
Queen Bee Mine and to the immediate north, the slate underlies the sandstone, 
which in turn underlies the Nurri Formation, but the relationship between slate 
and sandstone is reversed farther north near Cobar. 

The regional pitch is south at intermediate angles, but minor changes are 
very common. They are related to a series of crossfolds caused by a gentle 
northeast to southwest compression. 

The contact between the slate and the sandstone of the Cobar Group marks 
a structural break of economic importance, since some of the most extensive 
ore bodies of the Cobar mineral field have been formed along this “discordant 
contact” (11). Its interest is structural rather than stratigraphic, since it 
represents the face between a competent formation—sandstone, and a mass of 
incompetent strata—slate. Ifa stress, compressive, tensile, or shearing, affects 
such a system the incompetent member is closely folded, shows considerable 
movement in detail, but is not thrust on a regional scale. The competent mem- 
ber fractures, develops folds, and is thrust along fracture planes. 

Accordingly, a certain amount of differential movement takes place be- 
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tween the two rock types, confined to areas where the contrast is greatest ; the 
locus where movement is revealed is the plane of contact. The conception, 
then, is that of a primary sedimentary contact along which the competent and 
incompetent beds, or sandstone and slate, show in some places a conformable 
relationship, in others an unconformable one, the unconformity being of sec- 
ondary, not primary, origin. The term “discordance” will be used to denote 
this structural condition. 

If, now, another stress in the form of a regional shearing couple brought 
about buckling of the sediments and the contact as a whole, conjugate systems 
of shear fractures would be formed in areas of pressure relief, that is, off the 
“bends” (7), in the discordant contact. Such fractures would then localize 
later en échelon overthrusting and ore deposition. In the Bee-Rookery area, 
under pressure from the northeast, shearing thrusts and compression have re- 
sulted in faulting of the competent sandstone against the incompetent slate. 

The sandstone-slate contact has been traced from several miles north of 
Cobar to south of the Queen Bee Mines. The discordant contact, however, 
which transcends lithological features continues even farther south along the 
western scarp of the Nurri Formation, following the contact between the tuf- 
faceous beds of the Nurri Formation and the beds adjoining them to the west. 

Development of Cleavage and Relative Degree of Crushing of Rock Forma- 
tions —Although the stress that brought about sharp folding and cleavage af- 
fected the area uniformly, perfect cleavage and maximum alteration of rocks 
are limited to certain north-south zones. 

A uniform compressive stress coming from the northeast and acting on 
strata dipping steeply and striking northwest would create the greatest cata- 
clysm in zones of the greatest resistance ; shearing, fracturing, brecciation and 
distortion would predominate ; if, in such a zone, a plane of weakness existed, 
it would be the scene of the most violent deformation, since accumulated stresses 
would find sudden relief there. In the Cobar area the sharp anticlinal folds, for 
example, the Cobar-Nurri structure, are zones of resistance and resultant 
cataclysm. Fracture cleavage is developed to perfection. To either side un- 
inhibited folding has taken place. Where a bed of the younger Upper Silurian 
Group was included or caught in the older basement, it experienced extreme 
deformation. 

It follows that in the Cobar area the degree of development of cleavage and 
fracture cannot be taken as a guide to geological age. 

The Fracture Pattern—tTrend lines visible from the air and confirmed on 
the ground by the mapping of joint-direction, gave the main fracture-directions 
developed during the last application of a diastrophic force. Numerous joint 
trends were recorded, and grouped as follows: 

(a) An approximately easterly system, strike 284° to 290 

The largest concentration is at 288°. This system is equally well developed 
in the northern and southern portions of the Bee-Rookery area and is the domi- 
nant one. Fractures diplay slickensides and quartz fillings. This system rep- 
resents shear joints. : 

(b) A northeasterly system, strike 43° to 51 

Development poorer than (a) but stronger than (c): The greatest di- 
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vergence from the mean, four degrees, exceeds that of the other two systems. 
In places distinct flexures occur, particularly in the eastern Mallee Tank beds. 
This division represents tension joints. 

(c) A north northwesterly system, strike 350° to 355°. 

This system, less prominent than the first two, represents a second set of 
shear joints. 


ANALYSIS OF STRUCTURES. 


The important structural features which will be examined are: 

1. A series of major anticlines and synclines trending a few degrees west of 
north. The synclines are in the form of broad troughs, the anticlines are nar- 
row, appressed, and overturned slightly to the west, so that the axial planes dip 
steeply east. 

2. A regional cleavage, developed in zones of greatest resistance that trend 
parallel to the axes of the major folds. The general trend of the cleavage is 
N 40° W in the Bee-Rookery area, and to the north, towards Cobar, there is 
a gentle deflection to the east, the trend there being N 20° W. The dip of the 
cleavage is steeply east in the Bee-Rookery area. 

3. A normal fault striking N 5° W separating the Cobar group from the 
Mallee Tank Group in the southern portion of the Bee-Rookery area. 

4. An angular unconformity of 40° between the western members of the 
Cobar Group and the eastern members of the Mallee Tank Group in the same 
area as in (3) above. 

5. A discordant contact assuming in some places the character of an angular 
unconformity, in others that of a disconformity, and again, in others, that of a 
plane of movement, separating the slate of the Cobar Group from the sandstone 
in the north, and from the Nurri Formation in the south. Its general strike 
parallels that of the cleavage and its dip, always steep, changes along the strike. 

6. Drag-folds in the discordant contact ; these take the form of sharp swings 
to the east, proceeding south, followed by correspondingly sharp turns to the 
south, the middle limb being short; severe shearing, crushing, and cross- 
fracturing are connected with these folds. 

7. Thrust-faults along the discordant contact in its unfolded portions ; these 
have caused extensive deformation and brecciation, and can possibly be linked 
up into several major thrust faults. A typical example is the Bee Mountain 
fault which strikes at N 45° W, i.e. practically parallel to the cleavage, and 
dips to the west at an angle close to vertical. 

8. A series of thrust-faults arranged en échelon, connected ultimately with 
“bends” in the discordant contact. Their strike follows the cleavage, and 
their general dip is easterly at high angles. Ore deposition was localized by 
these faults. 

9. A regional fracture-pattern in the Bee-Rookery area, described in the 
preceding section. 

10. A set of sub-horizontal joints developed uniformly in the Cobar mining 
field; because of the flat topography these are to be studied only in artificial 
exposures. 
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11. A set of northwesterly cross-fractures, striking N 50° W and dipping 
steeply north, developed in the vicinity of Cobar, and farther to the north. 

12. Two small pipes of porphyry a mile and two miles respectively south 
of Bee Mountain, which have caused local deflection of the cleavage. 

13. Regional reversals of pitch in the Cobar-Nurri anticline, resulting in 
closed dome-structures at Cobar, Mount Nurri and at Nymagee (12). 

14. Some major cross-folds striking approximately east-west, related to 
these dome-structures. 

Most of these structures were produced during the one great diastrophic 
epoch ; if any disturbance occurred later, the stress-conditions were either iden- 
tical with those during the previous revolution, or were not severe enough to 
cause either any modification of pre-existing structures, or the development of 
new ones. No attempt will be made in this section to correlate the sequence 
of tectonic events with geological history, but a logical succession of tectonic 
events is suggested. Of the many interpretations of stress and strain relation- 
ships in the formation of folds and fractures, the writer has used that proposed 
by E. M. Anderson (1). 

Tectonics ——At Cobar first a shearing couple, then a compressive couple af- 
fected the sediments, but the main diastrophism involved purely the latter type 
of stress. The structures listed above can be roughly divided into two groups : 

(a) Structures to be explained on the basis of a shearing couple with ap- 
proximately northwest-southeast directed components. 

(b) Structures to be explained on the basis of a direct compressive thrust 
from the northeast. 

To the first group are allotted merely the so-called “bends” or drag-folds 
in the discordant contact, and minor structures associated with them. 

The first movement that affected the sediments of the Cobar Group im- 
pressed on them an approximately northwesterly strike. It is probable that 
even this initial disturbance caused the contact between incompetent slate and 
competent sandstone to assume, in part, the character of a zone of potential 
movement. The next stress came in the form of a shearing couple. It prob- 
ably resulted in the development of an extensive shear-fracture system which 
was obliterated by later earth movements. The strain-effect which has, how- 
ever, persisted is the folding of the slate-sandstone contact. The folds are all 
of the same type and could have been produced by a shearing couple of which 
the northeastern component acted towards the northwest, and the southwestern 
component towards the southeast. Repeated en échelon folding appears to be 
the fundamental structure behind the en échelon faulting. Shearing is very 
concentrated in the vicinity of the drag-folds, particularly near the most acutely 
folded portions of the contact. Minor cross-folds, with an approximately 
north-northeasterly strike, have also been recorded from certain portions of 
the mining field (9). 

The unfolded sections of the sandstone-slate contact are parallel to the 
main shear direction. This zone of weakness, then, must have been a plane of 
preferential movement under action of the shearing couple; high-angle shear 
fractures developed, along which considerable horizontal movement took place. 
Crushing and elongation occurred parallel to them. 











340 G. F. JOKLIK. 


With the establishment of “bends” in the contact, and the development of 
shear faults in positions where ore-injection later took place, the stage was set 
for the next diastrophism, which was a violent and important one. Stress 
conditions during its early stages were as follows: The greatest stress acted 
horizontally and came from the northeast. The folding which ensued about 
that time, as well as the consequent ore deposition, occurred, in the Cobar 
Group, under a thick sedimentary cover ; this implies that vertical gravity forces 
were great, and it is concluded that the second greatest stress axis, the mean 
axis, was oriented vertically. The direction of easiest relief, then, was hori- 
zontal and perpendicular to the greatest strain axis, or approximately 
northwest-southeast. 

Thrusting from the Northeast—The following strain effects, which are in- 
cluded in the list at the beginning of this section, support the concept that a 
regional thrust from the northeast operated during the second diastrophism. 

(a) The regional strike of the bedding is northwest and presumably at 
right angles to the impressed force. 

(b) Two conjugate sets of shear fractures, one easterly, the other north- 
northwesterly, and a set of northeasterly tension joints are developed. Such 
a fracture pattern could have been produced by a thrust from the northeast. 

(c) The Nurri-Cobar anticline has been turned over to the southwest. 

(d) Regional fracture cleavage, parallel to the axial planes of the folds, is 
perfect in the slate of the Cobar Group, and in the sandstone resembles the 
“fissuring” found in the Bendigo district of Victoria. As might be expected, 
the dip of the cleavage in the Bee-Rookery area is parallel to that of the axial 
plane of the Nurri-Cobar anticline. 

(e) At Cobar and farther north the axis of the Cobar-Nurri anticline un- 
dergoes a swing from N 40° W to N 20° W. The cleavage follows this change 
in trend, which represents a local deflection of the compressive force, causing 
it to act from east-northeast, rather than from northeast. This is substantiated 
by the fact that the fracture-pattern undergoes a similar change in the direction 
of the main set of shear joints, their new trend being N 50° W. Altogether, a 
rotation in the orientation of the system by 20° in a clockwise direction is 
involved. 

(f) A series of thrust faults follows the discordant contact striking at N 
40° W. 

En Echelon Faults —Although the stress was not sufficient to cause over- 
thrusting along the axial planes of the anticlines, overthrusting did occur wher- 
ever a zone of weakness favored further movement. The series of en échelon 
faults developed along the discordant contact invariably dip steeply, generally 
to the east, and show signs of some horizontal movement, and of more pro- 
nounced vertical movement. The throw of the Queen Bee fault is 300 feet and 
the Occidental, New Cobar-Chesney, and Great Cobar faults have much greater 
vertical displacements. Mulholland and Rayner (9), from their field observa- 
tions, were led to believe that the hanging-wall sandstone had moved mainly 
upwards and slightly southerly with force to the adjoining slate. 

Most of the horizontal slip occurred during the action of the shearing couple 
in the first diastrophic epoch, and most of the vertical movement is due to the 





ce - 


— ro 


STRUCTURAL STUDIES IN COBAR MINERAL FIELD, N. S..W. 341 


action of the compressive force from the northeast during the second diastro- 
phism. Although their dips are generally to the northeast, which is to be 
expected if the strain came from that direction, the faults, followed to a depth 
of 2,000 feet in underground workings, are certainly not low-angle faults; in 
most cases the fault-planes are nearly vertical. The following explanation is 
offered. 

In the writer’s hypothesis shear faults were first developed along the dis- 
cordant contact, projecting into the slate beyond the acute angles of the bends ; 
theoretically these faults should have a vertical dip; later, overthrusting oc- 
curred along these planes which had been “lubricated” by the previous disturb- 
ance. The net effect would be that of curving fault planes, nearly vertical in 
shallow environment where the thrust-faults followed the original shears, but 
flattening out to a certain extent at great depth. 

It is interesting to note that D. L. Blackstone (3) used the concept of fault 
surfaces curving at great depth in interpreting the structure of the Pryor Moun- 
tains, Montana, U. S. A. Asymmetric “trap-door” uplifts are viewed in the 
light of tangential compression acting on curved fault-planes in the basement 
complex. Pre-existing zones of weakness which have been substantiated for 
many parts of the region appear to have localized failure of the crust, with 
differential elevation resulting along the fractures. In the Pryor Mountains 
the overthrusting was more severe than in the Cobar district, and during the 
concluding stage of the Laramide orogeny low-angle thrust faults broke through 
the sediments along the less steeply inclined lower sections of the curved 
fault surfaces. 

To summarize, the group of en échelon faults at Cobar represents a combi- 
nation of steep shear thrusts and low-angle overthrusts. Horizontal move- 
ments predominated during the first folding epoch, and large vertical displace- 
ments took place at the time of the second diastrophism. 

Domal Structures ——The gravity-thrust that operated simultaneously with 
the second diastrophism accounts for the evolution of narrow, appressed anti- 
clines, separated by broad shallow synclines. Unequal sedimentary loading 
brought about areas of relative pressure-relief where, under horizontal thrust, 
narrow anticlines developed. Buckles and domes in the sharp anticlines were 
developed by relatively weak thrusting against competent beds along the strike 
of the folds, causing compression parallel to the axial planes. Domal struc- 
tures resulted where upward, rather than lateral, movement offered the easiest 
relief from stress. In the Cobar district such structures, connected with pitch- 
changes, are found in the Cobar-Peaks area, the Bee-Nurri area and the 
Nymagee area. Cross-folds of considerable wave-length and slight amplitude 
are associated with the domes. Ore deposition in the Cobar-Nymagee field is 
restricted to regional cross-folds (12). 

Structures Related to Relief of Pressure -—Some structures are associated 
with pressure-relief which followed the cessation of thrusting from the north- 
east. Stress-relief across the junction between the Mallee Tank Group and 
the Cobar Group was not uniform, and the western portion of the Mallee Tank 
beds subsided relative to the Nurri Formation. This movement was accom- 
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panied by some warping or buckling, and this, combined with a slight diver- 
gence in strike between the beds of the Nurri Formation and those of the dis- 
placed Mallee Tank Group, resulted in an angular unconformity between the 
two groups. 

Overthrusting had taken place during the deformation, and, as the pressure 
relaxed, there was a tendency for the beds to settle again under gravity, which 
resulted in a set of sub-horizontal joints seen in mine workings at Cobar. One 
of the last stages of the diastrophism, when only a small residuum of the origi- 
nal compression was still operating, was injection of the porphyry pipes and 
deposition of the ore. The upwelling of the porphyry was apparently a vigor- 
ous process since, in places, the cleavage trends show that masses of country 
rock were thrust bodily aside. 


SUMMARY OF GEOLOGICAL AND TECTONIC HISTORY. 


Ordovician (?) : Deposition of arenaceous sediments under marine conditions. 

Epi-Ordovician, (Benambran), Orogeny: Folding and uplift. 

Lower Silurian: Subsidence permitting extension of Tasman geosyncline (4) 
to a line passing approximately through Cobar. Uplift and erosion. Co- 
bar Group laid down as shore-line deposits. Frequent change of facies. 
Contemporaneous vulcanicity. 

Upper Silurian : Further subsidence ; deposition of Mallee Tank Group, includ- 
ing Rookery limestone, radiolarian Weltie chert. Vulcanicity continuing. 

Epi-Silurian, (Bowning), Orogeny: Folding, operation of regional shearing 
forces. Hypabyssal igneous activity in Nymagee area (7). 

Middle Devonian: Marine transgression. Arenaceous and argillaceous sedi- 
ments deposited in epi-continental sea. 

Epi-Middle Devonian, (Tabberabberan), Orogeny: Thrust from northeast, 
bringing about faulting ; granite injected under great, pressure, causing ex- 
tensive granitization of sediments (12) and concentration of dispersed min- 
erals. Stress relief; mineralization in higher regions. Normal faulting. 

Post-Devonian: Erosion. No sedimentary record. Gradual change from ero- 
sion surface to plain of alluviation. 
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GEOLOGICAL AND BOTANICAL STUDY OF THE BRANDON 
LIGNITE AND ITS SIGNIFICANCE IN COAL 
PETROLOGY. 


ELSO S. BARGHOORN AND WILLIAM SPACKMAN. 


ABSTRACT. 


Although virtually unknown in the northeastern United States, Ter- 
tiary strata occur in limited areas in western New England. The most 
significant of these is a small lignite deposit at Brandon, Vermont. Lig- 
nite, of mid or early Tertiary age, occurs here in a very restricted area, 
associated with kaolin, ocher and the oxide ores of iron and manganese. 
Recognizable plant tissues in the Brandon lignite consist entirely of the 
remains of hardwood trees and shrubs, comprising nearly 100 species 
represented by wood, seeds, fruits and pollen. Approximately one-fourth 
of the flora has been botanically identified, and the generic composition 
indicates that the deposit formed in a humid subtropical or warm-tem- 
perate environment. Histological studies have been made on the lignite 
and on identified individual plant constituents. Chemical analyses have 
been made on selected components of the lignite and compared with 
similar analyses of living botanical equivalents. Data are presented 
which show that the original organic composition of plant tissues exerts 
a strong influence on physical and chemical changes accompanying 
“coalification.” 


INTRODUCTION, 


ORGANIC sediments of Tertiary age are very meagerly represented in the 
northeastern United States. Among the few localities now known in New 
England the most significant is a small lignite deposit at Brandon, Vermont. 
Lignite is here associated with clays, ochers, and the oxide ores of iron and 
manganese. The entire complex lies in the Vermont Valley near the west 
slope of the Green Mountain Front (Fig. 1). 

Lignite was discovered at Brandon in 1848 in the course of extracting 
underlying iron ore.*** Utilization of the deposit as a fuel contributed sig- 
nificantly for several decades to the early economic development of western 
Vermont, particularly in connection with the exploitation of iron ore and kaolin. 
Following the decline of these mining activities in New England during the 
latter part of the 19th century the last economic use of the Brandon lignite 
occurred during the anthracite coal shortage of 1902-03 during which period 

1 Generous support of this investigation, both in the field and in the laboratory, was given 
by Mr. Frederick Oliver Thompson of Des Moines, Iowa, and the Milton Fund of Harvard 
University. For this assistance the senior author wishes to express his sincere appreciation. 

Paper given at Coal Research Symposium, Geological Society of America and Society of 
Economic Geologists, El] Paso, Texas, November, 1949. 

2 Hitchcock, E., Description of a brown-coal deposit in Brandon, Vermont, with an attempt 
to determine the geological age of the principal hematite beds in the United States: Am. Jour. 
Sci., 2nd ser., vol. 15, pp. 95-104, 1853. 

8 Hitchcock, E., Tertiary strata: Geology of Vermont, vol. 1, pp. 226-240, 1861. 
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Fic. 1. Topographic map showing relation of Brandon Lignite location to 
surrounding features. Highlands to the right represent western edge of Green 
Mountain Front. (From U.S.G.S. topographic map, Brandon Quadrangle, 1948.) 


the deposit was mined for local consumption as a household fuel. Since 1903 
the deposit has remained concealed by slumps and mine “tailings” until the 
present investigations were begun in 1947. The total tonnage of lignite re- 
moved from the Brandon deposit can be only roughly estimated. No authentic 
records exist from the period of most active mining, 70 or 80 years ago. How- 
ever, from scattered evidence it is clear that the amount mined was on the 

4 Perkins, G. H., On the lignite or brown-coal of Brandon and its fossils: Vermont State 
Geologist Rept., vol. 4, pp 153-162, 174-212, 1904. The lignite or brown-coal of Brandon: 


Vermont State Geologist Rept. 5, pp. 188-194, 202-230, 1906. Tertiary lignite of Brandon, 
Vermont, and its fossils: Geol. Soc. America Bull. 16, pp. 499-514, 1906. 
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order of thousands of tons.’ During the present study approximately 35 tons 
of the deposit were removed. 


GEOLOGIC OCCURRENCE, 


The existence of a sedimentary formation of Tertiary age on the extensively 
eroded uplands of western New England is a geologic anomaly. Tertiary up- 
lift and erosion of an initially complex Paleozoic structure have contributed to 
a physiographic history in New England of great complexity. The organic 
deposits at Brandon, because of their isolated occurrence in the Cenozoic se- 
quence are, therefore, of unusual interest in relation to the age of Tertiary 
erosion levels on the New England land surface. The significance of thé 
deposit in this connection is particularly evident when it is considered that we 
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Fic. 2. Map of the United States showing present northern limits of three 
genera dominant in the Brandon deposit. Note geographic disparity between 
present northern limits and occurrence in Brandon Time. 


are dealing with a lignite of early Tertiary age, as indicated by paleobotanical 
evidence, which occurs in a valley floor, almost at present stream level, on a 
supposedly late Tertiary erosion surface.** This aspect of the problem in- 
volves certain incompatible lines of evidence for which there is at present no 
easy resolution. 

The lignite and an overlying lignitic silt occur at Brandon in the form of 
two discrete, though adjacent, masses, both of which are partially embedded 

5 Agent’s Report, Brandon Iron and Car Wheel Company Agent’s Report for 1853 and 
ee Mayechol, H. A., and M. Hubbell, Erosional landforms of eastern and central Vermont: 
Vermont State Geologist Rept., vol. 16, pp. 315-381, 1928. 


7 Bain, G. W., Geologic history of the Green Mountain Front: Vermont State Geologist 
Rept., vol. 15, pp. 222-241, 1926. 
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in thick lenses of sedentary clays (Figs. 4, 5, 6). Field evidence and data 
from drill records show that the deposit was laid down on a white sandy gravel, 
and it seems clear that the sedimentary unit was lowered from its surface of 
accumulation into the underlying plastic clay (Fig. 6). The mechanics of 
this deformation are far more obscure than the fact of its occurrence, but 
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Fic. 3. Graphs showing analyses of two woods from the Brandon deposit and 
one of the commonest of the fossil fruits (endocarps of Nyssa). The data demon- 
strate comparative changes resulting from “coalification” in three fossil forms and 
their living generic equivalents. In Fig. E, “lignin” and “holocellulose” are con- 
sidered to be the total wood substance and a correction for ash and other extrac- 
tives is not included. 


presumably include progressive kaolinization of bedrock, the pressures result- 
ing from deposition of other sediments which have. been subsequently removed 
and possibly Pleistocene phenomena involving pressure of ice. The existing 
lignite at Brandon may, therefore, be logically regarded as a remnant of a 
geographically more extensive sedimentary sequence deposited on a Tertiary 
surface which has been greatly deformed. Isolated portions of the lignite were 
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Fic. 4. Exposure of the Brandon deposit looking east, illustrating its complex 
relation to surrounding structures. | 
Fic. 5. Closeup view looking north, showing immediately in front of shovel a ‘ 
displaced wedge of organic silt which stratigraphically overlies the lignite deposit j 
shown in foreground. ‘ 


Fic. 6. Vertical section of lignite and associated strata. In lower right is the 
underlying white sand intergrading with an organically stained sand over which I 
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preserved by incorporation in the deep underlying sedentary clays whereas 
the main mass was eroded away, and thereby lost from record. 

Quite probably more extensive series of Tertiary strata are still present in 
the Vermont Valley but are now concealed by Wisconsin till. The reported 
occurrence of lignite and kaolin in a well boring 25 miles north of Brandon is 
of much interest in this connection.’ Moreover, the association of lignitic 
clay with kaolin at several localities in Vermont suggests the possibility that 
these pre-glacial clays are all of relatively contemporaneous origin, viz. resid- 
uals formed by Tertiary weathering processes. Distribution of the known 
kaolin deposits of Vermont supports this interpretation since they occur, with 
few exceptions, in the same position relative to bed rock as do the lignite and 
kaolin at Brandon, i.e. above the zone of contact between the Lower Cam- 
brian Cheshire Quartzite and the Lower Cambrian Dunham Dolomite. How- 
ever, only at Brandon is the lignitic member of the entire sequence well 
represented. 

As an organic accumulation the Brandon deposit is unusual in several re- 
spects. Unlike many American lignites of Upper Cretaceous and Tertiary age 
it is composed almost entirely of the remains of higher plants, i.e. dicotyle- 
donous trees and shrubs. The deposit is devoid of coniferous logs and other 
coniferous remains which commonly comprise a large share of the recognizable 
plant constituents in lignites. Moreover, the plant components of the Brandon 
deposit are frequently unusually well preserved and hence amenable to ana- 
tomical study and accurate botanical identification (Figs. 7, 8, 9 and 10). 
As will be shown later, the degree of structural preservation is closely corre- 
lated with retention of the initial cellulosic fractions of constituent cell walls. 
With respect to both the degree of preservation and the variety of plant remains 
the Brandon lignite is quite comparable to certain early and mid-Tertiary 
brown coals of Germany. , 

The basal portions of the Brandon deposit are distinctly heterogeneous and 
the organic matrix is admixed with large amounts of quartz sand, associated 
with angular and commonly water-worn quartz fragments of considerable 
size (Fig. 7). This phase of the deposit is in large part allochthonous, al- 
though the presence of numerous stumps shows that an appreciable portion 
of the organic remains probably accumulated in situ, or at least quite close 


8 Perkins, G. H., A general account of the geology of the Green Mountain Region: Vermont 
State Geologist Rept., vol. 8, pp. 17-99, 1912. 


is solid lignite. Upper portion of lignite is permeated with ocher veins. To left, 
above lignite, is white clay. The upper surface of the lignite bed has been revealed 
by mining. Thickness of the lignite is about two feet. 

Fic. 7. Representative sample of the “coarse” lignite showing the high con- 
centration of coarse quartz particles, and plant fragments. 

Fic. 8. Photograph of a seed of Bumelia imbedded in the lignite matrix. 
(X 234.) This seed shows strikingly the lack of compression of certain con- 
stituents. 

Fic. 9. Sample of the more homogenous attrital phase of the lignite. Note 
small quartz particles in lower portion of sample. 

Fic. 10. Sample of coarse lignite containing discrete plant fragments. Note 
branch of a tree, and to left a fossil fruit (endocarp of Nyssa). 
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Fic. 11. Tangential longitudinal section of the root wood of Cyrilla from 
the lignite showing differential degradation of constituent cells in the woody tissue. 
The aggregates of ray cells are far less altered physically than the longitudinally 
oriented elements of the wood. (xX 170.) 

Fic. 12. Tangential longitudinal section of the root wood of the living species 
Cyrilla racemiflora showing structural similarity with that of its fossil equivalent. 
(xX 105.) 

Fic. 13. Endocarp of fossil Nyssa from the Brandon deposit showing char- 
a surface features of the stone fruits of certain fossil members of the genus. 
(X 2%.) 

Fic. 14. Endocarp of Nyssa megacarpa Parker showing characteristic surface 
features of this poorly known species of the genus. This species is limited in living 
flora to mountains of northern Burma. (xX 2%.) 
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to the source vegetation. At the very base of the deposit, where it grades into 
the underlying organically stained sand, the plant fragments are highly altered, 
often structureless, black and charcoal-like. It is probable that this level 
represents a soil surface which was seasonally flooded, and on which the or- 
ganic accumulation was altered by active aerobic degradation into what is es- 
sentially a humus. Above this basal level of highly altered fragments the lower 
portions of the lignite proper are featured by an abundance of anatomically 
preserved fruits, seeds, branches and other water-borne fragments (Fig. 10). 
The deposit grades upward into a more homogeneous, though still highly 
quartzitic lignite (Fig. 9). In the upper portions of the deposit drifted logs 
are less common and fruits and seeds relatively rare. However, the degree of 
structural preservation of discrete fragments wherever found is virtually the 
same throughout the deposit, indicating that differences in the character of 
the lignite are depositional rather than the result of varied degrees of geo- 
chemical change of plant tissues. In its most organic phases the deposit con- 
sists primarily of a consolidated mass of triturated plant debris interspersed 
uniformly with quartz sand of small particle size. 

In physical texture the Brandon lignite is massive and “blocky.” It is 
totally devoid of detectable gross or microscopic bedding planes and shows no 
evidence of preferential cleavage planes upon fractures, except when cleavage 
is predetermined by the organization of tissues in well preserved plant frag- 
ments. Early descriptions justifiably emphasize the fact that the deposit is 
almost intermediate between peat and brown coal.® That lignitization of the 
deposit as a whole took place prior to its down-thrusting into the under- 
lying kaolin is indicated by several structural features. One is the occasional 
occurrence of “faulted” specimens of lignitized fruits, which, though rare, show 
that changes in pressure relations within the deposit occurred after lignitiza- 
tion. Another indication of the “post-lignite” deformation of the deposit is 
the occurrence of innumerable ocher-filled fractures which in places ramify the 
entire mass. It therefore seems logical to conclude that the Brandon deposit 
underwent the primary phases of conversion to lignite before fundamental 
deformation of the bed, and in subsequent time has been subjected to changes 
resulting from pressure of overburden and consequent adjustment to the 
plastic clays. 

The only mineral contaminant in the Brandon lignite (exclusive of plant 
ash) is quartz. There is no indication in the deposit of pronounced secondary 
mineralization of the original plant tissues. Thermal and X-ray analyses 
demonstrate the absence of clay minerals and hence support the conclusion that 
the deposit was not formed in a basin receiving the weathering products of 
argillaceous rocks. This conclusion is quite consistent with the postulated 
sedimentary history of the deposit and its proposed genetic relation to the 
deeper underlying clays.?% ™ 

® Hitchcock, op. cit., 1853. 

10 Barghoorn, E. S., and W. Spackman, Preliminary study of the flora of the Brandon lig- 


nite: Am. Jour. Science, vol. 247, pp. 33-39, 1949. 
11 Spackman, William, Flora of the Brandon lignite: Thesis, Harvard University, 1949, 
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Fic. 15. Transverse section of a twig of Cyrilla from the lignite showing 
marked difference between the histological changes in degradation of the pith and 
primary wood in comparison with that in surrounding secondary wood. (xX 91.) 

Fic. 16. Transverse section of the older secondary wood of Cyrilla from the 
lignite showing an isolated patch of well preserved cells. (xX 140.) 

Fic. 17. Transverse section of a stem of the fossil Cyrilla showing pronounced 
difference in anatomical distortion between wood (below) and bark (above). The 
structural differences between the deformation of wood and bark indicate that 
alteration has not been solely due to pressure but to the flow of degraded wood 
substances. (X 42.) 

Fic. 18. Tangential longitudinal section of the wood of Persea from the Bran- 
don lignite. Note structural preservation of marginal cells of rays which though 
thin walled show no sign of collapse, although the thick walled tissue of the 
longitudinal elements of the wood has been greatly distorted tangentially. The 
uncollapsed cells differ from other cells of the wood in possessing suberized walls. 
(X 125.) 
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PALEO-ECOLOGICAL RELATIONS OF THE FLORA, 


By anatomical study it has been possible to determine with certainty the 
botanical identity of the most abundant woods in the lignite, as well as a signifi- 
cant portion of the flora represented by seeds and fruits (Figs. 11-14). The 
woods comprise surprisingly few forms, of which the commonest are species 
of the genera Cyrilla, Persea, and Gordonia (Figs. 15, 16,17, and 18). These 
three genera in the living flora constitute Jocally dominant elements in exten- 
sive non-alluvial, fresh water swamp forests of the southeastern United States. 
The present poleward limit of these plants in relation to the latitude of the 
Brandon deposit shows a marked discrepancy between their present and past 
distribution (Fig. 2). Still greater geographic discrepancies are to be found 
in the ecological relations of genera abundantly represented in the lignite by 
seeds and fruits. Of 13 forms generically identified with certainty, 9 genera 
are restricted in the modern flora to the Atlantic and Gulf Coastal Plain 
swamps. Without entering into an extended discussion of the underlying 
thesis of paleo-ecology, it is evident from these considerations that the climate 
which prevailed during the accumulation of the Brandon sediments was very 
different from that which now prevails in these latitudes. The botanical evi- 
dence is entirely harmonious in pointing to the existence of a warm temperate 
or sub-tropical environment in northern New England in Brandon Time. 

ANALYSIS OF PLANT CONSTITUENTS. 

Since the Brandon lignite contains a wide range of botanically identified, 
structurally well preserved plant parts, the deposit is potentially of much sig- 
nificance in quantitative as well as qualitative studies of the conversion of 
plant tissues into low rank coal. Investigations along these lines have been 
started during the past year and their results codrdinated with other studies in 
progress on the decomposition of cellulose and the degradation of plant tissues 
in post-glacial peats. These comparative studies have been of much interest 
in determining the relationship of resistant fractions of cellulose, which persist 
in organic sediments, to finer structural features in the plant cell wall. 

In order to determine the changes in representative botanical constituents 
during their conversion in the Brandon deposit two of the common woods and 
one of the most abundant forms of the well preserved fruits were selected for 
anatomical and chemical study. 

Corresponding tissues of the living equivalents of these plants were likewise 
analyzed by identical procedures in order to evaluate the degree and extent of 
physical and chemical changes which occurred during lignitization. Biological 
relationship of the living and fossil forms chosen for study are of necessity 
considered in terms of generic and not specific affinity. Similar determina- 
tions were made on samples of the organic matrix which comprises the bulk of 
the deposit. In this study the lignite matrix is of interest primarily in terms 
of fuel analysis (Table 1) since it is not possible to identify adequately the 
plant source materials nor to properly evaluate the very large ash content, 
which averages over 45.0 percent, consisting primarily of silica. 

The lignite woods selected for analysis were those of Persea and Gordonia. 
To supplement the woods, the endocarps of stone fruits of a species of Nyssa 
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TABLE I. Coat ANALYSIS—BRANDON LIGNITE.* 








sulphur free) N.F. 


| | Percentages 
: : As received ala referred to coal 
| \ir dried (moist) | Moisture free | (noisture, ash and 
| 
| 


Proximate Moisture 





9.7 45.9 | 
analysis Volatile matter 36.3 oa 40.2 | 58.5 
| Fixed carbon 25.7 "15.5 | 28.5 | 41.5 
Ash 28.3 | 16.9 31.3 | 
Total 100.0 | 100.0 100.0 100.0 
Ultimate Hydrogen 4.5 7.1 3.7 $5 
analysis Carbon 41.0 24.5 45.4 66.1 
Nitrogen a 3 & } 7 
Oxygen 24.9 50.7 18.2 | 26.4 
Sulphur 8 oe 9 | 1.3 
| Ash 28.3 16.9 31.3 
= Scempencialesilasai —_— ——-| iiontaieeaiiiaionnes 
Total 100.0 100.0 | 100.0 | 100.0 
| Thermal Value | 
B.T.U. 6,980 } 4,180 7,730 } 11,260 


*Data from analyses by H. M. Cooper, U.S. Bureau of Mines. Sample analyzed was a lump 
sample containing a mixture of plant constituents. 


were selected. Living “equivalents” for comparison are the wood of Persea 
Borbonia, Gordonia lasianthus, and the endocarps of Nyssa aquatica (the large 
gum tree of the southeastern swamps). In degree of structural preservation, 
i.e, retention of the original cellular organization, the fossil endocarps are far 
better preserved than the woods. In the Brandon deposit, wood of Persea 
has undergone notably less alteration of structure than Gordonia. The extent 
of structural change, it shall be seen, is correlated with a series of chemical as 
well as physical changes in the modification of the cell wall. 

With respect first to the content of volatiles, the moisture-free lignite woods 
show values on the order of 45 percent in Gordonia and 58 percent in Persea, 
whereas the lignite endocarps approach 69 percent. Corresponding values in 
the non-fossil material are 86 percent, 82 percent and 79 percent, respectively. 
Reduction in volatile content is evidently not closely related to the original 
volatiles present but is, however, inversely correlated with the degree of ana- 
tomical deformation in the original tissues. As shown by comparison with the 
loss of original cellulose, the loss of volatiles in conversion to lignite seems to 
be significantly related to the loss of cellulose, the higher retention of cellulosic 
fractions being associated with greater retention of volatiles (compare Fig. 3B 
with 3E). 

In their ash content the three “species” from the lignite show somewhat 
comparable values. These values, however, are not closely related to ash 
percentages in the living samples selected for comparison. Changes in ash 
constituents undoubtedly result from a number of factors which may have 
operated during alteration of the original plant tissues. Among these factors 
both addition and removal by ground water of various metallic ions might play 
a significant part. Physical compression of the original plant substance, with 
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the presumed concentration of its inorganic fraction, would contribute to a 
differential change in ash content. This factor is important even though 
quantitative comparisons are made on the basis of ultimate proportions by dry 
weight. In connection with the factor of compression the relatively slight in- 
crease in ash content of the fossil endocarps is significant, since these show 
histologically the least compression among the lignite specimens, and, corre- 
spondingly, the least increase in total ash (Fig. 3C). 

Fractions of the same plant parts, both living and fossil, which were com- 
pared in ash content and retention of volatiles were extracted for 18 to 24 
hours in a Soxhlet apparatus with various organic solvents in order to deter- 
mine changes in their soluble extractives (Fig. 3A). From these measure- 
ments it is apparent that the accumulation of benzol-alcohol-soluble fractions 
has been largely independent of their original concentration. The data indi- 
cate a possible correlation between the percentage of extractives retained and 
the concentration of these original organic substances by compression. Major 
differences in the initial quantities of extractives, however, obscure the signifi- 
cance of the changes. In the case of Nyssa endocarps the situation is com- 
plicated by the fact that the living material contains plant embryos which are 
exceptionally rich in fats and other substances soluble in lipoid solvents. It 
seems probable that these fatty substances are largely lost or fundamentally al- 
tered during conversion to lignite. Perhaps the most interesting observation 
which was demonstrated by solvent extraction is the fact that the characteristic 
color of the extractive pigments from living equivalents was retained by the 
various fossil representatives selected from the lignite. 

The two antithetic theories of the basic biologic origin of carbon in coal 
have resulted in much controversy in the past. Opposing ideas have revolved 
around the question of whether cellulose or lignin contributes the major share 
to the coal sequence. From the results of numerous studies and by various 
lines of evidence it seems clear that neither theory is applicable as a generali- 
zation and that the fundamental problem of the original photosynthetic source 
of fixed carbon in coals is still an unresolved problem, except in largely em- 
pirical terms. It is obvious, however, that cellulose as a chemical entity is 
rapidly eliminated from organic sediments by both aerobic and anaerobic mi- 
crobiological processes. As a result the source materials in organic accumu- 
lations are rapidly reduced to diverse non-cellulosic components, which may 
gradually undergo further consolidation and coalification if sedimentation 
continues. The loss of cellulose from the original plant tissues is not a simple 
process, as has been shown by recent studies of the degradation processes in 
organic sediments and it is apparent that a residual fraction of cellulose persists 
long after the initial changes in peat formation.**** A very significant frac- 
tion of cellulose may also be identified in many lignites and low rank brown 
coals.‘ The concept that residual plant substance resulting from “coalifi- 


12 Barghoorn, E. S., Degradation of plant remains in organic sediments: Bot. Mus. Leaflets, 
Harvard Univ., vol. 14, pp. 1-20, 1949. 

13 Barghoorn, E. S., Boylston Fishweir II: Paleobotanical studies of the Fishweir and asso- 
ciated deposits: Papers of the Peabody Foundation for Archaeology, vol. 6, pp. 49-83, 1949. 

14 Jurasky, K. A., Wandiungen des Holzes auf dem Weg zur Kohle: Geol. Rundschau, vol. 
29, pp 441-461, 1938. 
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cation” is derived solely from non-cellulosic fractions is no longer tenable. It 
seems clear, however, that these non-cellulosic fractions, chief among which is 
lignin,’® do constitute the primary source material in organic accumulations of 
plant origin. A major question still remains, however, as to the ultimate fate 
of the varying cellulosic fractions and their decomposition products which 
enter organic sediments. Demonstrating the presence of native cellulose in 
fossils is fraught with numerous difficulties, many of which reside in the fact 
that cellulose probably undergoes a gradual physical and chemical degradation 
and is therefore not readily differentiated from its initial decomposition 
products. 

In many plant tissues from the Brandon lignite the presence of cellulose 
may be demonstrated by its distinct birefringence in polarized light and by the 
release of optically active structural residues following extraction of “lignin” 
and halogenated humic fractions. For purposes of quantitative determination 
in the analyses presented here, residual cellulose has been grouped with 
other carbohydrate fractions which remain after solvent extraction and re- 
moval of the “lignin,” i.e. the total carbohydrate fraction. Hence the cellulose 
in the lignite is more appropriately designated “holocellulose” (in accordance 
with current usage in cellulose chemistry) and it is in this sense that the term 
“cellulose” is used in this discussion. As shown by the available data, sum- 
marized graphically in Figure 3E, the “holocellulose” content of the three fos- 
sils examined ranges widely, from less than four percent in the fossil Gordonia 
to nearly 30 percent in the endocarps of the fossil Nyssa. In terms of the 
original “holocellulose” present it is apparent that chemical alteration of the 
tissues has been very different in the three representative plant parts from the 
lignite. Although the lignite woods have undergone a very great reduction in 
their cellulosic fractions the endocarps or fruits have retained nearly one-half 
of their presumably initial cellulose. It is perhaps significant that the loss of 
cellulosic constituents is correlated with the extent of original lignification ; 
the less lignified tissue showing greater reduction of cellulose. A chemical 
basis for this relationship between original lignin and retained cellulose is 
somewhat difficult to visualize inasmuch as uniform degradative changes have 
been operating over immense lengths of time and presumably similar end prod- 
ucts should result. Perhaps the most significant fact which these empirical 
analyses demonstrate is that the alteration of woody plant tissues in the early 
stages of coal-conversion is fundamentaly influenced by the chemical composi- 
tion of the original materials. 

The physical properties and chemical behavior of the “holocellulose” from 
the Brandon lignite woods indicates that the cellulosic residue is highly de- 
graded. The material is gelatinous and forms a translucent horn-like film 
when dried on a glass surface. Its viscosity upon dispersal in cuprammonium 
hydroxide solution is very low, showing that marked reduction has occurred 
in the chain length of its molecular aggregates. “Holocellulose”’ from the 
fossil Nyssa endocarps on the other hand is almost identical in appearance and 
physical texture with the product prepared from fresh material of Nyssa 
aquatica. Its viscosity in cuprammonium solution, however, demonstrates 


15 Also including waxes, resins, oleoresins, terpenes, cutin and suberin. 
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that it is extensively altered with respect to its original cellulosic properties. 

From data which have been assembled thus far in the botanical, physical 
and chemical study of the Brandon lignite several conclusions may be tenta- 
tively drawn: 1) both physical and chemical alteration of the coal constituents 
represented in lignites is intimately related to the original plant source; 2) 
mass analysis of lignite as a sediment does not reveal the specific changes which 
have gone on in constituent plant tissues or source materials of the coal; 3) 
the cellulosic fractions of plant tissues can, under certain conditions, contribute 
significantly to the total, if not to the fixed carbon; 4) the anatomical preserva- 
tion of plant components in low rank coal demonstrates a striking correlation 
between the degree of structural preservation of plant tissues and the retention 
of original cellulosic constituents. 


SUMMARY. 


In summary it may be noted that the Vermont lignite is representative of a 
presumably more extensive Tertiary formation in the northeastern United 
States, now known from a single locality. 

The organic deposit at Brandon is unfortunately of limited size, both in 
terms of potential utility as a fuel and as a record of the Tertiary sequence. 
However, the deposit is nevertheless of unusual paleontological significance 
partly because of its isolated occurrence in the Cenozoic sequence of New 
England and also because of its peculiarity as an organic sediment. 

Botanical study of the Vermont lignite demonstrates that Tertiary woody 
lignites are not composed necessarily of coniferous plant remains, but on the 
other hand may be composed almost entirely of dicotyledonous plants. 

Plant constituents of the Brandon deposit consist of two physically and 
chemically distinct categories, viz., discrete plant fragments (seeds, fruits, 
wood, and pollen) and triturated fragments of plant debris. Analysis of the 
source materials of the lignite, in terms of coal petrology, seems capable of 
broader interpretation by comparison of discrete botanical components of the 
coal with the chemical composition of the corresponding source materials. 

The nature of “coalification” in organic sediments is clearly an aggrega- 
tion of highly complex chemical and physical processes. However, it is a 
problem which seems amenable to solution by the application of codrdinated 
botanical, physical and chemical studies. 

Perhaps the largest gap in the entire field of investigation is an adequate 
understanding of the ultimate réle or fate of cellulose in organic accumulations ; 
its microbiological and chemical change, and the alteration of cellulosic by- 
products. 
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SPECIAL FIELD APPLICATIONS OF A CONFIRMATORY TEST 
FOR LEAD. 


S. E. JEROME. 


ABSTRACT. 


A method is described for rapid, large scale, and specific identification 
of anglesite and cerussite, individually or in combination, with little possi- 
bility of interferénce from other minerals or from containers. Water free 
from lead salts, a 5 percent solution of acetic acid, a 5 percent solution of 
potassium iodide, and a few simple items of equipment are required. Dif- 
ferent methads for applying the solutions, ranging from eye-droppers to 
two-gallon garden sprays, are described. If qualitative results are cali- 
brated to assays, semi-quantitative field estimates of anglesite and cerussite 
are possible under a variety of conditions. A supplementary method for 
determining cerussite with 10 percent sodium sulfide solution is discussed 
briefly. 


INTRODUCTION, 


Members of the Southwest Department of The New Jersey Zinc Exploration 
Company were confronted with the problem of identifying, on a large-scale 
megascopic basis, finely disseminated cerussite which is locally concentrated in 
arkose lenses of the Permian Abo formation in the Sacramento Mountains, 
New Mexico. The specific gravity of the barren arkose has a substantial 
range, and cerussite where present commonly makes up only a small fraction 
of the rock; density determinations seemed, therefore, to offer no help and 
were not essayed. Since the cerussite is finely disseminated and generally 
occurs in light-colored arkose, neither color contrasts nor physical differences 
between cerussite and country rock could be readily detected. These limiting 
factors made it obvious that some chemical procedure for identifying cerussite 
would be necessary. 

The potassium iodide test was finally adopted. Although the use of potas- 
sium iodide for confirmation of lead in qualitative analysis and in microchemical 
tests has long been standard procedure,’ its use for specific minerals is much 
less common. L. H. Bauer, mineralogist and chemist for The New Jersey Zinc 
Company at Franklin, New Jersey, has for many years used distilled water, 
acetic acid, and potassium iodide for distinguishing between anglesite and cerus- 
site, and W. H. Callahan, Manager of The New Jersey Zinc Exploration Com- 
pany, suggested that this test might be useful in our field problem. The method 
has also been advocated by Seeton* as a means of identifying anglesite and 
cerussite in mine dumps and ore bodies, and some use of the method has un- 
doubtedly been made by others. 

1 Chamot, E. T., and Mason, C. W., Handbook of Chemical Microscopy, 2nd Edit., pp. 158, 
159, 203-206, John Wiley and Sons, New York, 1948. 


2 Seeton, F. A., Determination of oxides in lead and copper ores: Deco Trefoil, vol. 12, no. 4, 
p. 4, 1948. (Publication of the Denver Equipment Company, Denver, Colorado.) 
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GEOLOGIC FACTORS. 


The host rock of the lead minerals is a strongly jointed, fine- to medium- 
grained, light-cream to red or chocolate-brown arkose ; its principal components 
are quartz, potash feldspars, somewhat altered soda-lime feldspars, and variable 
amounts of fragmental quartzite, shale, granite, and several types of porphyritic 
rock. The minerals and fragments are cemented both by calcareous and 
arenaceous material. 

Locally, the arkose contains galena, finely disseminated or as irregular 
stringers, partly oxidized to anglesite or cerussite. Galena apparently devel- 
oped at the expense of cementing material. Cerussite generally occurs in the 
same fashion as galena, but much of it seems not to have formed in place by 
direct oxidation of the sulfide. Cerussite rarely is on joint faces in the arkose 
but in places permeates shale fragments or clay galls. Much of the cerussite 
probably represents vadose reconcentration of lead by ground waters of un- 
known composition. 

Copper in chalcocite, chalcopyrite, malachite, and azurite is present locally 
in the arkose beds or in shaly members enclosing them. These minerals are 
found alone and in association with the lead minerals. Chalcocite and chalco- 
pyrite occur as disseminations and as replacements of carbonaceous material. 
The two copper carbonates are disseminated, replace carbonaceous material, 
replace the copper sulfides, and coat bedding, fracture, and joint planes. Pyrite 
occurs sporadically with galena or copper sulfides. 

Other metals are found in only minute amounts except for zinc which in a 
few places appears on joint surfaces as smithsonite. 


DESCRIPTION OF TESTS. 


Eye-Dropper Test—The materials required to make the test for anglesite 
and cerussite include: Distilled water in a canteen or similar container, 5 per- 
cent acetic acid in a bottle with an eye-dropper cap, and 5 percent potassium 
iodide solution in a bottle with an eye-dropper cap. 

The specimen to be tested is chipped, the fresh surface wetted with luke- 
warm distilled water, and after 1 minute, 5 percent potassium iodide solution 
is applied with the eye-dropper. If anglesite is present, a faint canary-yellow 
precipitate of lead iodide forms. The amount of precipitate, of course, depends 
on the concentration of anglesite and on the temperature of the water. In as 
much as the solubility of lead sulfate increases notably with temperature 
whereas cerussite is practically insoluble in warm water, this preliminary test 
affords a partial means for distinguishing the two minerals. If more specific 
distinction between the two minerals is required, dilute nitric acid will pro- 
duce effervescence with cerussite but not with anglesite; however, the pres- 
ence of other soluble carbonates may confuse the result. Lovering * suggests 
that really hot water from a thermos bottle would be better for separating the 
oxidized lead minerals, as it would avoid the possible confusion introduced by 
adding nitric acid. 

The specimen is then washed with water, wetted by eye-dropper with 5 
percent acetic acid which is left undisturbed for 1 minute, and then 5 percent 


8 Personal communication, 
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potassium iodide is applied. If lead is present as anglesite or cerussite, the 
canary-yellow lead iodide precipitate appears. Since dilute acetic acid is an 
effective leaching agent for both these minerals, the only factors of importance 
in determining the speed and intensity with which the precipitate forms are the 
amount of anglesite or cerussite present, the concentration of the solutions, and 
the length of time the specimen is leached. By standardizing solution concen- 
tration and leaching time and by calibrating acetic acid and potassium iodide 
results to assays of different grades of material, with due consideration for the 
amount of galena present, a highly satisfactory field method is available for 
rapid, visual identification and semi-quantitative estimation of lead in oxidized 
ores. 

In as much as the amount of anglesite is negligible in the area studied, the 
preliminary test for anglesite was soon abandoned, and the positive reaction 
obtained from the combination of acetic acid and potassium iodide was inter- 
preted to be essentially a specific test for cerussite. 

Although the sensitivity of this method under field conditions has not been 
fully established, as little as 0.5 percent cerussite, or 0.4 (—) percent lead, has 
been determined in routine field examinations. Where a somewhat higher 
sensitivity is required, the “beaker test” or the “filter paper test” described 
below is recommended. 

Beaker Test—The materials necessary for the beaker test are a specimen, 
a geologic pick, two small beakers, 5 percent solutions of acetic acid and potas- 
sium iodide, and water for cleaning the pick and beakers between tests. The 
specimen is pulverized with the pick, the powder dropped into a clean beaker, 
and swirled for 1 minute with an excess of the acid. After the sludge settles 
the solution is decanted into another beaker, and 5 percent potassium iodide 
solution is added slowly to both the decanted solution and the leached residue. 
Even with minutely scattered cerussite the results are immediate and satisfy- 
ing. Lead carbonate, or sulfate, not detected by the first test may be revealed 
by this method. The lower limit of sensitivity has not been determined in the 
field, but as little as 0.1 percent cerussite, or 0.08 (—) percent lead, has been 
identified. 

Results can be duplicated and are comparable between specimens or areas 
once the basis for calibration to assays is established. It should be noted that 
in testing finely ground material, a calibration of results different from that 
used for tests of coarser materials is necessary. 

Filter Paper Test.—In addition to the materials listed under the beaker test, 
a funnel and two pieces of filter paper are required. The procedure of the 
beaker test is followed except that the solution of lead acetate and acetic acid 
is filtered to remove suspended particles. The other filter paper is soaked in 
the clean solution and then soaked with 5 percent potassium iodide. Results 
are similar to the beaker test but are more nicely observed since the lead iodide 
crystals are spread evenly over the filter paper; this makes possible a better 
estimate of the lead content and closer comparisons with standards. 

Other Methods for Applying Solutions——The methods described above are 
useful in making specimen tests in laboratory and field. For large-scale exami- 
nations three other methods of applying the solutions may be used: 
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. Thumb-operated type of spray. 
Flit gun sprays. 
. Two-gallon pressure garden sprays carried on the back. 


wre 


One man breaks a fresh surface with a sledge hammer, cleans the surface of 
fine particles with a broom, and sprays on the acid; the second man sprays the 
potassium iodide, makes the observations, and records the necessary data. 

In general the spray methods, particularly the third one above, are favored 
because of ease of application, rapid local and regional coverage, and the fact 
that with the thin spray streams involved, washing or salting is less likely. 


APPLICATIONS. 


The several methods of applying the solutions were used on specimens, out- 
crops, float blocks, soils, underground workings, and drill sludge to eliminate 
or to indicate the need for samples and assays. These methods were also used 
in guiding underground development and to provide supplementary informa- 
tion in geologic mapping of the district. The method is applicable in testing 
drill core and for better control of milling circuits containing oxidized lead 
minerals. The work in New Mexico led to the adoption of this method by 
the geologists of our eastern staff guiding mining operations for oxidized lead 
ore in residual clay at Embreeville, Tennessee. 


INTERFERING FACTORS. 


Considerable test work with solutions of 5 percent concentration on a vari- 
ety of minerals and rocks has not yet demonstrated any reaction of other than 
anglesite or cerussite, but it is known that soluble compounds of both antimony 
and mercury give yellow iodides that interfere with the microchemical potassium 
iodide test for lead. The method will detect anglesite or cerussite dissemi- 
nated in black manganese and brown or yellow limonite gossan material. No 
interference from metal containers has been noted; the solutions may be left 
in such containers for several weeks without apparent effect. 

Salting or washing of lead acetate, from high grade ores particularly, occa- 
sionally results from too liberal application of acetic acid either by the eye- 
dropper or spray methods. In the geologic setting described the excess of 
soluble lead acetate was absorbed by altered feldspars and shale seams or frag- 
ments contained in arkose lenses ; when potassium iodide was applied, the yel- 
low lead iodide precipitate formed on these surfaces as well as on cerussite and 
gave deceptive results. 

It is occasionally found that potassium iodide results are apparently inten- 
sified by time and exposure to the sun, but these agencies eventually work to- 
wards elimination of the effect. 

No health hazards are known to attend use of the solutions in confined 
areas. 

By using nitric acid as the leaching agent, it is possible to arrive at a closer 
estimate of the total lead in a sample, but we favor the weaker acid since it is 
specific for cerussite and anglesite and it does not dissolve possible interfering 
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compounds. Further, acetic acid can be handled with little concern in the 
field and laboratory. 


SUPPLEMENTARY SULFIDIZING TEST. 


As reported by Gisler * and Thom ® flotation recovery of cerussite can be 
effected by sulfidizing the mineral with sodium sulfide. This suggested to 
J. R. Pate, chemist for The Empire Zinc Company, that the method might have 
field application. For several reasons little use of the technique was made by 
us, but it was found that cerussite could be identified in place without the salt- 
ing that occasionally attends work with acetic acid and potassium iodide. The 
bright metallic galena skin that forms on cerussite when treated with 10 percent 
sodium sulfide solution makes the mineral easily recognizable. According to 
Pate, freshly precipitated lead sulfate also responds to sulfidization, but field 
specimens of anglesite are less reactive. 

Using sodium sulfide in conjunction with the potassium iodide test, an 
improvement can be made in calibrating qualitative results on cerussite to 
assays. 

Solutions of sodium sulfide deteriorate rather rapidly and it is advisable to 
prepare fresh ones for each day’s work. 


SUMMARY AND CONCLUSIONS. 


Five percent solutions of acetic acid and potassium iodide, applied in a num- 
ber of ways, are useful in detecting cerussite and anglesite occurring under a 
variety of conditions. This test aids in recognizing ores containing these 
minerals and may be used to guide their sampling, exploration, development, 
mining, and milling. It has the advantages of rapid, large scale coverage ; ease 
of application in field and laboratory; simplicity of solutions and equipment ; 
immediate, specific, and visible results; only reasonable care required to prevent 
either contamination or deterioration of solutions; and practically no inter- 
ference of other elements or compounds normally encountered in the field. 

Calibration of potassium iodide test results and visual detection of cerussite 
can be facilitated by treatment with 10 percent sodium sulfide solution. 
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4 Gisler, H. J., Flotation reagents: Deco Trefoil, vol. 8, no. 9, p. 4, 1944. 
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SCIENTIFIC COMMUNICATIONS 


SUMMARY OF KINOSHITA’S KUROKO DEPOSITS OF JAPAN. 


FOREWORD. 


The purpose of this summarized translation is to present in English the essence 
of the most complete volume yet written on an assemblage of ores that is well devel- 
oped in Japan but unrecognized elsewhere. This group of ores merits wider con- 
sideration because of its economic value, mineralogic complexity, and controversial 
geologic history. Its occurrence is thought to be a unique feature of Japanese geol- 
ogy. Ten to 20 percent of Japan’s copper production has come from Kuroko de- 
posits, and on the basis of relative area Japan is as well mineralized with copper as 
is the United States. The mineral complexity of Kuroko is a challenge to metal- 
lurgists interested in improving the present poor recoveries of the many elements 
in the ore. 

The complete original text of “Kuroko? Kosho” (Black Ore Deposits) was 
published in the Japanese language as “A Report on Research in Economic Geology 
by the University of Kyushu in 1943” by Kameki Kinoshita, Professor of Geology, 
University of Kyushu. This summary is based on a preliminary translation by H. 
Nishihara of the Translation Branch, Natural Resources Section. 

This summary is limited to the salient features discussed in the original publica- 
tion; detailed descriptions and generally accepted geologic concepts are omitted. 
The chapter and section headings of the original volume are retained and the text 
is condensed to about five percent of the length of the original volume. Page 
numbers of the original Japanese publication immediately follow section headings in 
this report in order to show the degree of condensation in each section, 

Articles on Kuroko have been published i in other countries, but none in any lan- 
guage is as complete as is the description in this report. 

Professor Kinoshita reviewed the first draft of this summary, approved it, wiih 
authorized its publication. However, it should be pointed out that Japanese custom 
makes even constructive criticism an ‘unbearable offense. Professor Kinoshita is a 
gentleman of the old school, and he used his reading knowledge of English only to 
correct typographical errors. Despite the writer’s urging and obvious good will, 
this gentleman-scientist of old Japan would not indicate a single error of conse- 
quence. The reader will guess, however, that in the course of translation, in fact 
double translation in this case, some mistakes must have crept in. Even a summa- 
tion in Japanese might contain misinterpretations. 


CONTENTS OF THE ORIGINAL TEXT. 


Chapter I. Introduction. 
1. Definitions. 
2. Discovery and history. 


1 Published by permission of the Director, U. S. Geological Survey. 

2 Pronounced KOO-RO-KO, with no accentuation. 

3 Prior publications in the English language by Kameki Kinoshita : 

Colloidal solutions as the mineralizing solutions of the “Kuromono” deposits: Tohoku Imp. 
Univ. Sci. Repts., Ser. III, vol. 2, 1924. 

On the genesis of the “Kuromono” deposits: Intern. Geol. Cong., XV Session, Comptes 
Rendus 2, pp. 454-474, S. Africa, 1929. Included in reference below. 

On the “Kuroko” (Black Ore) deposits: Japanese Jour. Geology and Geography, vol. 8 
no. 4, pp. 281-352, 1931. 
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3. Resources. 
a-g. Kuroko as sources of gold, silver, copper, lead-zinc, pyrite, barite, 
gypsum. 
4. Production. 
5. Previous studies. 
Chapter II. Geology. 
1. Distribution of deposits. 
2. General stratigraphy and petrology. 
Furokura tuff; propylite; tuff-breccia; sandstone; green tuff; plagioliparite ; 
dolerite and andesite; plagiorhyolite; dacite; shale; andesite. 
. Host rocks. 
. Rock alterations. 
a. Propylitization. 
b. Albitization. 
c. Kaolinization. 
d. Silicification. 
5. Age. 
Chapter III. Mineralogy. 
Chapter IV. Size and form of ore bodies. 
T. ize. 
2. Form. 
3. Relation between form and country rock. 
4. Other similar deposits. 
Chapter V. Composition of the ores. 
1. Variety of ores. 
2. Analyses of ores. 
3. Texture and structure. 
4. Occurrence of ores. 
5. Temperature of formation. 
Chapter VI. Secondary enrichment. 
1, Outcrops. 
2. How secondary ores develop. 
3. Earthy ore. 
4. Secondary sulfide enrichment. 
5. Erosion. 
Chapter VII. Origin. 
1. Earlier theories. 
2. Source. 
3. Solutions, acidic or alkaline. 
4. Process. 
Chapter VIII. Description of the deposits. 
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CHAPTER I. INTRODUCTION, 


1. Definitions (page 1).—The reader should be warned that he will have 
difficulty in understanding the terms Kuroko or “black ore.” The difficulty 
stems from the fact that the Japanese language customarily has a wide variety 
of completely different meanings for any single word. For example, the great 
problem in a conversation in Japanese is to convey first a mental picture of the 
subject, so that the listener will be able to guess which of a variety of meanings 
he should attach to the syllables he hears. 

With respect to black ore, one need not be surprised if a Japanese mining 
man holds up a piece of rock, saying : “This is a specimen of black ore,” whereas 
it looks at most a pale shade of gray. Also he may say: “This specimen comes 
from a black ore deposit,” and all that one can see is a chunk of massive pyrite 
from a mine that does not have a single piece of black or gray ore in it. 
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The Japanese language has two words that apply equally well to the so- 
called black ore deposits. These words are: kuromono (literally, black mate- 
rial) and kuroko (literally, black ore). Although the word kuroko is used in 
this review, kuromono could have been substituted. 

The rest is not so easy, as Kuroko means two things. One is the common 
mixture of sphalerite, galena, and barite which is ordinarily black to grayish 
white, depending on the proportion of barite. The other meaning is the un- 
usual assemblage of separate bodies of: 1, sphalerite-galena-barite ; 2, massive 
pyrite ; 3, disseminated chalcopyrite in silicified rock; and 4, massive gypsum. 
Rarely are all four of these ore bodies present in any one mine, yet the assem- 
blage is still called kuroko, regardless of color. 

To help the casual reader this review will use the English words black ore 
to signify only the common mixture of sphalerite-galena-barite.. To indicate 
the unusual assemblage of black ore, massive pyrite, disseminated silicified 
pyrite, and gypsum the term kuroko will be used, plus the word type, or assem- 
blage, for reinforcement of the meaning where it might be overlooked. 

With this explanation it may be safe to quote Professor Kinoshita’s defini- 
tion: “The Kuroko type of deposit is genetically connected with Tertiary vol- 
canic rocks and consists of: (a) Kuroko (black ore), (b) Oko (yellow ore), 
(c) Keiko (siliceous ore), and (d) one or more varieties of gypsum.” It 
should be remembered, however, that a mine of the Kuroke type may be lacking 
in one or several of the components (a), (b), (c), or (d). Professor Kino- 
shita says further that: “Black ore is genetically related to Tertiary volcanic 
rocks and consists of an intimate mixture of sphalerite, galena, and barite.” 
Note that phrase, “intimate mixture”; it is the means of distinguishing black 
ore from ordinary banded veins. 

2. Discovery and History (page 4).—Known dates of discovery of Kuroko 
are rare, but some of the kuroko mines of northeastern Japan were worked 
during the feudal period that ended in 1868. In the early days few mines were 
worked for the black ore alone, because this component was of too low a grade 
to be treated profitably at that time. Initial production came from the more 
obvious enriched outcrops of associated minerals. With the termination of 
feudalism and the subsequent growth of capitalistic free enterprise, there was 
a great boom in development and production of both black ore and the asso- 
ciated kuroko type of deposits. 

“Modern” mining methods were introduced from Europe in the eighteen 
seventies. In the period from 1897 to 1900 the Kosaka‘ smelter engineers 
discovered that when pyrite was present in sufficient quantities the kuroko type 
of mixed ores was self-fluxing and self-fueling. With this discovery attention 
was turned to the copper content of the ore rather than to the silver content 
that had been previously the source of wealth. 

In 1915 exploratory drilling was stimulated by the discovery of the huge 
rich Doyashiki ore body at Hanaoka, Akita Prefecture. Several geophysical 
methods of prospecting have been applied to kuroko deposits; among them, 
electrical methods proved more successful than the magnetic, gravity, or seismic. 

In 1931, selective flotation at Hanaoka was proved successful in separating 


4 Located in Akita Prefecture in the northern part of Honshu, the main island of Japan. 
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the lead, zinc, pyrite, and barite components, which formerly had been lost in 
the copper smelter. Other mines followed this example, but recoveries at all 
the mills were low. 

3. Resources (page 7).—(a) Kuroko as a source of gold. Usually the 
gold content of kuroko deposits is small. The gold content varies within indi- 
vidual ore bodies as well as in mines. For example, at the famous Kosaka 
mine the gold content from 1912 to 1925 averaged 0.83 gram per metric ton 
of black ore, 0.32 gram per metric ton of pyrite ore, and 0.27 gram per metric 
ton of siliceous ore. At the Toya mine in Hokkaido in 1939 the gold content 
averaged 10 grams per metric ton of black ore. (Roughly $10 per ton.) 

(b) Kuroko as a source of silver (page 10). Silver is usually found in 
the kuroko deposits. The silver content ordinarily varies with the galena 
content but oxidized and leached outcrops were exceptionally rich in silver. 
The earthy outcrops of the Kosaka and Komaki mines were famous for con- 
taining silver in a barite gangue. From 1921 to 1925 the primary ore of the 
Kosaka mine averaged 179 grams of silver per metric ton of black ore, 33 
grams per metric ton of pyrite ore, and 13 grams per metric ton of siliceous ore. 

(c) Kuroko as a source of copper (page 12). Copper is a common, though 
quantitatively minor, component of black ore. Pyritic and siliceous deposits 
also contain copper. Generally the zone of secondary enrichment is high in 
copper, but the zone is relatively shallow, 30 meters being the maximum thick- 
ness. The enriched zones commonly average more than 3 percent copper 
whereas the primary zone averages only 1 percent. 

(d) Kuroko as a source of lead-zinc (page 14). Although zinc and lead 
are common in the black-ore deposits, few mines have been able to ship separate 
lead-zinc ore. These ores were included in copper-ore shipments. Separation 
of these intimate fine-grained mixtures has been difficult, but tiie ie is being 
made in the flotation of zinc and lead concentrates. 

(e) Kuroko as a source of pyrite (page 16). The black ore characteristi- 
cally grades into pyrite with increasing depth. Pyrite bodies with an average 
of 30 to 35 percent sulfur are typical of the “yellow ore” (dko) bodies in the 
kuroko type deposit. In some mines the pyritic phase is dominant and the 
black-ore phase quite minor. 

(f) Kuroko as a source of barite (page 15). Barite occurs in stratified or 
massive bodies in the hanging wall of many kuroko deposits. In some places 
it is mixed with sphalerite and chalcopyrite. In the 1930’s a barite concentrate 
was made at the Hanaoka mine. This process is practicable when a strong 
market for barite exists. 

(g) Kuroko as a source of gypsum (page 19). The most productive gyp- 
sum deposits in Japan have similar geologic relations to those of black-ore 
deposits, and for this reason are included in the kuroko type even though actual 
physical connections between them and black ore deposits are not common. 
Some gypsum deposits are several hundred yards in diameter. They grade 
outward from massive gypsum in the center to networks of gypsum veins in 
the country rock. Near the gypsum the country rock is commonly altered to 
clay. Usually the gypsum produced is of low grade, suitable only for portland 
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cement. Gypsum is also a common gangue mineral in black-ore masses but it 
is not produced commercially from them. 

4. Production (page 20).—In Japan, 140 deposits of the kuroko type are 
known. Many of them have little or no ore that is, strictly speaking, the black 
sphalerite-galena-barite mixtures. Many are simply isolated pyrite or gypsum 
bodies, the types with which black ore is associated elsewhere but for which 
there is no local proof of association. The other components of the kuroko 
type might, conceivably, be found in some of these deposits by further 
exploration. 

In the early 1930’s about 10 to 20 percent of the 140 mines in the Honshu 
area were active. By the late 1930's, about 40 percent were being operated or 
their possibilities explored. In 1937 the producing kuroko type mines were: 
Hanaoka, Hassei, Kawatsu, Komaki, Kamikita, Kosaka, Kunitomi, Kowari- 
zawa, Takara, Takamori, Tsuchihata, Tsunatori, Wanibuchi, Yoichi, and the 
Yoshino mine which is in Akita Prefecture. 

Copper was the chief product for which the kuroko deposits were worked, 
but other metals furnished substantial income. In 1937 the total value of 
kuroko production was more than 30,000,000 yen, divided as follows : 


Commodity Yen Commodity Yen 
Copper 18,237,967 Pyrite 1,953,141 
Gold 6,924,549 Lead 496,358 
Silver 2,532,911 Zinc 299,709 


At that time the yen was officially valued at about 25 cents, making the total 
value equivalent to about $7,500,000. 

The foregoing values represented the following proportional values of total 
Japanese domestic production in 1937 : 


Commodity Percentage Commodity Percentage 
Copper 17.5 Gold 8.2 
Silver 16.4 Pyrite 7.2 
Lead 9.2 Zinc 1.2 


Practically all of the gypsum produced in Japan came from mines of the kuroko 
type, and Hanaoka alone produced 90.8 percent of the barite. 

5. Previous Studies (page 22).—Professor Kinoshita’s bibliography lists 
262 titles under the subject of kuroko deposits ; 61 titles are his own. The out- 
standing theories advanced to account for the origin of kuroko deposits are: 


1894 K. Nakazima—ascending thermal solutions and dissemination. 
1902 N. Fukuchi and K. Tsujimoto—sedimentary origin. 
1906 T. Hirabayashi—replacement by acidic superheated solutions. 
1915 J. Iwasaki—deposition by sulfuric acid. 
1915 T. Kata—deposition by alkaline solutions. 
K. Arai—magmatic injection. 
1920 R. Ohashi—precipitation on sea bottom from acidic hot springs. 
T. Kato—metasomatic deposition from alkaline solutions. 
K. Nishio—magmatic origin. 
1926 Beginning of much detailed observational work by many investi- 


gators. 
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CHAPTER II. GEOLOGY. 


1. Distribution of Deposits (page 32).—The author lists 176 mines by 
name, town, district, county, and prefecture. Most of the kuroko type deposits 
of any importance are in the Inner (tectonic) Zone of northeastern Japan, 
which is the northwestern quarter of the island of Honshu. In this area Ter- 
tiary liparite, andesite, and tuff, characteristic associates of kuroko, are preva- 
lent. This zone contains 149 of the 176 mines listed. The remaining mines 
are located on the island of Hokkaido and in southwestern part of the main 
island of Honshu where the favorable rocks have a limited distribution. 

The kuroko deposits are segregated not only in one-quarter of Japan, but 
in several districts in that quarter. Kazuno basin, a graben whose eastern and 
western sides are faults, is an outstanding district. The famous Kosaka and 
Osarizawa mines are in this basin, most of which is covered with thick, barren 
Pliocene and Pleistocene sedimentary formations. Ore deposits occur only in 
certain Tertiary tuff beds, and mostly near the boundary faults. At indi- 
vidual mines structural controls are suggested by the alinements of the ore 
bodies. 

2. General Stratigraphy and Petrology (page 44).—With one exception 
the kuroko type of deposit occurs in Tertiary rocks ; but all are genetically asso- 
ciated with Tertiary volcanic rocks. The exception occurs in older rocks. 
As Akita Prefecture has the greatest number of these mines, its geology is de- 
scribed as the best-known example. 

(a) The oldest rock exposed in the area is the widely distributed Tertiary 
Furokura tuff. It is compact, fine-grained, and difficult to distinguish from 
propylite. It is generally grayish or dark green, microgranular, brecciated, 
and highly decomposed to chlorite and sericite. The plagioclase is partly 
albitized. The tuff is mineralized at many places. 

(b) Diorite and various differentiates intrude the Furokura tuff. All are 
covered by a lava flow of apo-andesite, or propylite, which is grayish green, 
compact, and contains feldspar phenocrysts. The propylite is extensively al- 
tered to chlorite, epidote, uralite, sericite, and kaolin. 

(c) The propylitized andesite flow (b) was probably followed by an erup- 
tion of tuff-breccia. The latter rock is grayish white and consists of feldspar, 
quartz, and glass, with fragments of clay, slate, quartzite, liparite, and other 
rocks in layers. The tuff-breccia is a host rock for ore, and is easily confused 
with an overlying brecciated green tuff and the underlying Furokura tuff. 
However, this tuff-breccia contains fragments of propylite as a diagnostic 
feature. 

(d) The eruption (c) was probably followed by the deposition of a light- 
green, hard, medium-grained sandstone. It contains fragments of pecten and 
other shells, and grades downward into conglomerate. It is known to overlie 
unconformably the Paleozoic rocks and formations (a) and (b) ; the contact 
between this sandstone-conglomerate and the tuff-breccia (c) has not been 
seen. 

(e) Green tuff conformably overlies the sandstone (d) and unconformably 
overlies the tuff-breccia (c). This light-green or gray tuff, with thin beds of 
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tuffaceous shale, is the most extensive of the Tertiary sediments in the kuroko 
region. It contains ore. 

(f) Plagioliparite intrudes the green tuff (e) and also underlies it as a lava 
flow. The association indicates contemporaneity. The groundmass is felsitic 
or fluidal and contains phenocrysts of plagioclase and commonly of orthoclase 
and quartz. Where altered to sericite and kaolinite this rock closely resembles 
tuff. It is the most extensive of the igneous rocks in the black-ore area. 

(g) Dolerite and andesite occur as sills, dikes, or flows in the green tuff and 
plagioliparite, and evidently were formed after the plagioliparite. The dolerite 
and andesite are black or dark-green, holocrystalline, and compact. Chlorite, 
an abundant constituent, gives the rock the more common name of propylite ; 
soda-lime feldspar and pyroxene also are constituents. 

(h) Flows of plagiorhyolite followed (g) ; superficially it resembles plagio- 
liparite. 

(i) Extrusions of dacite came next. 

(j) Shale was deposited conformably on the green tuff (e) contemporane- 
ously with (f), (g), and (h). The shale is gray to black, sandy, and contains 
diatoms and plant fossils. 

(k) The last Tertiary rock to appear in this area was andesite flows. 

3. Host Rocks (page 52).—The majority of kuroko type deposits are in 
tuff or shale; plagioliparite, and dolerite or andesite are commonly associated 
with the deposits. The formation names of the host rocks in northern Akita 
are: Furokura tuff, Kosaka breccia-tuff, and green tuff which correspond to 
(a), (c), and (e) in the previous pages. 

The common host rock for these ore deposits is dense tuff ; less commonly 
it is coarse-grained or loose, brecciated tuff or shale. The roof rock in many 
places is a siliceous shale bed in homogeneous green tuff. Examples are found 
in the Yoshino mine, Akita Prefecture; the Okinazawa mine, Iwate Prefec- 
ture; the Kano mine, Fukushima Prefecture; and the Hanaoka mine, Akita 
Prefecture. Dolerite forms the hanging wall of the ore body in tuff at the 
Omaki mine, Akita Prefecture. 

The typical massive ore bodies have not been found in siliceous shale. Car- 
bonaceous or bituminous shale contains ore at the Wanibuchi and Uto mines 
in Shimane Prefecture. 

To ascertain which were the most favorable host rocks, Professor Kinoshita 
placed rock chips in metallic solutions and passed hydrogen sulfide gas through 
the combination. The results showed the following order of favorability for 
the precipitation of metals: 1, shale; 2, tuff; 3, liparite ; 4, andesite. 

4. Rock Alteration (page 59).—Intense alteration around black-ore de- 
posits is common. All types of rocks are affected either by propylitization, 
albitization, kaolinization, or silicification. A genetic relationship between the 
ore and the alteration is inferred. 

(a) Propylitization (page 59). Propylitization alteration affects andesite 
and dolerite. It is characterized by an abundance of pyrite and of chlorite, the 
latter giving the rock a green color. Pyroxenes are altered to secondary horn- 
blende, uralite, or chlorite ; feldspar is altered to sericite, and to kaolin in ad- 
vanced stages ; magnetite to pyrite, and titanium minerals to leucoxene. The 
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groundmass is altered to a granular aggregate of quartz, chlorite, epidote, 
calcite, and zeolite. 

(b) Albitization (page 62). Albitization alteration has been found in all 
the igneous rocks older than dolerite and andesite (stage g previously de- 
scribed). Some of the albite has a refractive index below any that usually ap- 
pears on plagioclase composition charts. This anomaly may be caused by the 
presence of potassium. 

(c) Kaolinization (page 64). Kaolinization alteration is common in 
liparite, andesite, tuff, shale, and other feldspathic rocks associated with kuroko 
type deposits. The alteration may be sufficiently intensive and widespread so 
that the deposit resembles an original bed of sedimentary clay where the trans- 
gressive nature of the clay alteration is not fully exposed. 

Clay found above the ground-water table is extremely plastic, homogeneous, 
and grayish white or bluish white. Under the microscope it appears to consist 
of colloidal silica and isotropic clayey material. Clay found below the ground- 
water table is typical kaolinite and sericite. This fact suggests formation by 
hydrothermal alteration, whereas the surficial clays apparently were formed by 
alteration of sericite by acid meteoric waters. 

Another type of clay that is found near black-ore deposits is green-gray, 
gelatinizes in water, and gives an alkaline reaction with litmus paper. It has 
a hardness of 2.5, a specific gravity of 2.6 to 2.8, a refractive index of 1.575, 
and almost no double refraction. It has the physical appearance of pagodite, 
but analyses of specimens from the Uto mine indicate it is pseudophite, a 
chloritic clay mineral. 

In contrast to propylitization and albitization, the extent of kaolinization is 
strictly limited to the immediate vicinity of ore bodies. Tuff is more easily 
kaolinized than shale, and liparite more easily than andesite. Sericitic clay 
lies closer to the ore than the chloritic clay. 

(d) Silicification (page 67). The extensive masses of keiko (siliceous 
ore) at the Hanaoka mine resulted from the silicification of plagioliparite and 
contemporary replacement by pyrite. Ferruginous silica in the network of 
veinlets at the Yoichi mine, Hokkaido, is common at’ the outer margin of the 
ore bodies. In the Hassei mine, Akita Prefecture, a network of veinlets con- 
tains the ore in a siliceous stockwork deposit. 

The general occurrence of silicification around kuroko bodies has been a 
fertile source of inferences that need not be repeated here. 

5. Age (page 69).—The kuroko deposits are Miocene. They are overlain 
unconformably by Pliocene Kurozawa arenaceous shale. 


CHAPTER III. MINERALOGY (PAGE 73). 


The primary constituents of black ore are sphalerite, galena, and barite. 
The main constituents of yellow pyrite ore (6ko) and siliceous ore (keiko) are 
pyrite, chalcopyrite, and quartz. All three types of ore may contain minor 
quantities of gold, tellurium, realgar, orpiment, stibnite, tetradymite, argentite, 
hessite, acanthite, wurtzite, marcasite, sylvanite, krennerite, calaverite, tetra- 
hedrite, dufrenoysite, miargyrite, enargite, and other minerals. 
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Associated gypsum deposits may contain minor quantities of calcite, arago- 
nite, anhydrite, fluorite, and witherite. 

The surficial secondary minerals of kuroko type deposits are sulfur, silver, 
copper, argentite, wurtzite, covellite, bornite, marcasite, cerargyrite, cuprite, 
hematite, goethite, smithsonite, cerrusite, malachite, azurite, calamine, pyro- 
morphite, anglesite, linarite, goslarite, chalcanthite, melanterite, and other 
minerals. 

The altered country rocks adjacent to kuroko deposits contain chlorite, 
sericite, kaolinite, halloysite, zeolite, epidote, albite, adularia, and other 
minerals. 

The occurrence of over 70 minerals is described, including the following not 
mentioned above: chalcocite, cinnabar, pyrrhotite, jordanite, polybasite, chal- 
cedony, opal, tridymite, arsenolite, tellurite, manganese oxides, rhodochrosite, 
rhodonite, soapstone, chloropal, chrysocolla, and alunogene. 


CHAPTER IV. SIZE AND FORM OF ORE BODIES. 


1. Size (page 120).—Individual pods of black-ore material at the Okina- 
zawa mine, Iwate Prefecture, are as small as a pea. In contrast, the main 
Kosaka ore body, Akita Prefecture, is 2,400 feet long, 1,000 feet wide, and 
300 feet deep in maximum dimensions. 

The pyrite ore body of the Takara mine, Yamanashi Prefecture, is 300 feet 
long, 180 feet wide, and 500 feet deep. 

The gypsum deposit of the Yoshino mine, Yamagata Prefecture, is 2,000 
feet long and more than 330 feet wide. The gypsum deposit of the Ishigamori 
mine, Fukushima Prefecture, is indicated by drilling to be 2,300 feet long, 
1,700 feet wide, and 165 feet deep. 

2. Form (page 123).—Kuroko deposits are extremely irregular in shape. 
However, 5 general types are suggested. Out of 139 deposits of black-ore 
types, 74 are massive, 33 network, 15 nodular, 10 bedded, and 7 vein. The 
massive form of deposit is the only one that has produced large tonnages of ore. 

The bedded deposits are considered intermediate between the huge massive 
bodies and the small nodular spherulitic masses of black ore or gypsum which 
may be a yard in diameter. Combinations of forms, and gradations from one 
form to another, are common. 

The network type of deposit consists of tiny veinlets, ramified through the 
rock, commonly in association with disseminated ore and generally near mas- 
sive bodies. Networks, or disseminated ore, constitute the tops of many de- 
posits. Veins are generally the roots of other forms of deposits. 

3: Relation between Form and Country Rock (page 132).—Kuroko bodies 
reflect the relative replaceability of their host rocks. For example, the boun- 
dary between ore and impervious rock may be sharp, whereas the boundary 
between ore and easily replaceable tuff is irregular. 

Boundaries of kuroko type bodies conform to the boundaries of structural 
features such as breccia zones, faults, and shear zones. 

4. Other Similar Deposits (page 137).—Ordinary vein deposits may have 
the same mineral composition as black-ore veins, and they may be gradational. 
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The distinction, according to Kinoshita, is whether the minerals occur in the 
intimate mixture of black ore or in bands or layers typical of ordinary veins. 


CHAPTER V. COMPOSITION OF THE ORES. 


1. Variety of Ores (page 141).—Four varieties of ore are included in the 
kuroko type: (a) black ore, (b) yellow ore (pyrite ore), (c) siliceous ore, (d) 
gypsum. They may occur separately or mixed. 

Chief constituents of the black ore are sphalerite, galena, and barite. The 
color of the ore ranges from a pervasive black when barite is scarce to nearly 
white when it is abundant. The complexity of the ore is increased by the 
common presence of pyrite and chalcopyrite and rarely of gold and silver. 

Pyrite ore is colloquially called yellow. ore (6ko) and consists chiefly of 
pyrite, with minor chalcopyrite and quartz. In some deposits, however, the ore 
contains much chalcopyrite and then it is valuable chiefly for copper instead of 
pyrite. Gold is rarely an important constituent. 

The siliceous ore consists of sulfide minerals disseminated through siliceous 
rock. Silica is the dominant material, but the ore may be valuable chiefly for 
minor amounts of copper. 

Gypsum usually occurs in bodies separated from the other varieties of ore; 
hence it contains few metallic minerals. The gypsum does not meet plastic 
standards because of the prevalence of clay. 

2. Analyses of Ores (page 143).—Although the various types of ore have 
been described separately, there are transitions. The transitional character is 
reflected in their compositions. Following are typical analyses of the various 
ores from the Kosaka mine in 1907 : 


Constituent Black ore Pyrite ore Siliceous ore 
(percent) (percent) (percent) 
Gold 0.00013 0.00002 0.00002 
Silver 0.018 0.003 0.003 
Copper 2.30 2.10 2.20 
Lead 2.40 0.03 0.09 
Zinc 12.60 2.26 0.50 
Silica 5.12 16.76 48.86 
Alumina 3.03 2.52 3.24 
Barite 39.12 4.96 3.48 
Sulfur 21.51 35.50 21.87 
Iron 10.87 30.63 18.61 
Total 96.96 94.76 98.85 


Black ore has been reported to possess radioactive properties. However, 
tests on ore from the Kosaka, Hanaoka, Taisho, and Wanibuchi mines were 
negative except for a Kosaka sphalerite specimen,.which affected a photo- 
graphic plate. 

3. Texture and Structure (page 149).—Some kuroko deposits are dense 
and hard, but others are porous and pulverulent. The latter condition results 
when the matrix is composed of large crystals. Tiny crystals compose the 
matrix of dense, hard ores. As a rule, where barite or sphalerite is abundant, 
the ore is porous; dense ore is low in barite and sphalerite. 
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(a) Black ore (page 149). Black-ore bodies are generally irregular, finely 
granular, dense, and sometimes brecciated. The minerals may be microcrystal- 
line. On the basis of microscopic study of mineral relationships, galena, sphal- 
erite, and barite are believed to have crystallized later than pyrite and chalco- 
pyrite. A concentric banded structure occurs frequently in nodules or lumps 
of black ore. Evidence of banding is commonly preserved after replacement. 

(b) Yellow and siliceous ore (page 152). These ores are generally fine- 
grained, intimate mixtures of pyrite and quartz, with minor amounts of chalco- 
pyrite. Veinlets of coarse pyrite may cut the massive fine pyrite. Yellow ore 
is cemented with microgranular pyrite and younger chalcopyrite. 

In the siliceous ore the sulfides fill interstices of the granular quartz in 
dendritic patterns. Three types of ore occurrence are notable: 1, reticulated 
veinlets of pyrite ; 2, disseminated pyrite ; and 3, a breccia of disseminated pyrite 
and rock fragments. 

(c) Gypsum (page 155). Gypsum occurs in two varieties, massive and 
fibrous. The massive variety ranges in size from that of a pea to huge bodies 
of alabaster. The gypsum may contain a local occurrence of sulfide minerals 
and country rock. With the possible exception of fluorite, gypsum was the 
last mineral to crystallize. 

Fibrous gypsum occurs only in veins, of either cross fiber or parallel fiber. 
The cross fiber is more common and generally is a composite vein that has a 
clay interior with gypsum growing from each wall. In places the cross fiber 
is bent by movement of the walls; and finally it becomes parallel fiber. 

4. Occurrence of Ores (page 157).—Black, yellow, and siliceous ores may 
occur separately or intermixed, but generally, if others are present, black ore is 
at the center. Any type may be completely lacking. The size of the black-ore 
bodies decreases abruptly with depth. Yellow ore occurs in the larger and 
deeper ore bodies. Siliceous ore may be even more extensive, especially at 
greater depths. Ore deposition is controlled by zones of structural weakness, 
especially the intersection of two zones. 

5. Temperature of Formation (page 161).—The kuroko type of deposit is 
epithermal, judging by its low-temperature mineral assemblage, and the loca- 
tion of all known deposits near the surface. A possible exception in the Takara 
mine, Yamanashi Prefecture, which is reported to contain pyrrhotite and a 
mineral allied to cubanite. 


CHAPTER VI. SECONDARY ENRICHMENT. 


1. Outcrops (page 165).—Some kuroko type deposits have been exposed 
by erosion and later buried by sedimentation. A greater number of ore out- 
crops have remained as high ground; Kinoshita states that this prominence 
results from the unfissured nature of the ore and the cementing properties of 
the mineral solutions, which compensate for the relative softness of the ore. 
Kinoshita advances the idea that silicification accounts for the resistance to 
weathering. Whatever the reason, practically unsilicified outcrops of black ore 
do occur. 

Outcrops of the kuroko type of deposit have been classified as: 1, earthy ; 








374 SCIENTIFIC COMMUNICATIONS. ¢ 

2, limonitic ; 3, clayey ; 4, brecciated. The earthy type forms from the black ore 
of sphalerite-galena-barite composition, and is composed of reddish-brown 
limonite with powdery or tabular barite. The sphalerite may be decomposed 
to a brown powder or altered to smithsonite or calamine. Galena alters to 
cerussite-and pyromorphite. 

The limonitic type is derived from yellow ore or siliceous ore and has a 
porosity range of 25 to 50 per cent. Silica is prevalent in this type of outcrop. 

The clayey type generally occurs in tuff or liparite. Where derived from 
gypsum the clay is grayish blue and contains some gypsum. Where derived 
from black ore, the clay may contain barite and pyrite and be blue-black or 
dark gray. Clay derived from yellow ore contains much fine pyrite and has 
a dark, steel-gray color. Clay from siliceous ore may be varicolored. Because 
all clay outcrops are soft, they are likely to be in low ground, or buried, and 
hence easily overlooked. 

Brecciated outcrops vary in appearance but generally are less oxidized than 
the others. They are important for their common association with black-ore 
and yellow-ore bodies. 

2. How Secondary Ores Develop (page 169).—A kuroko type deposit is 
affected as would be expected under the normal processes of oxidation and sec- 
ondary enrichment. Depths of oxidation, or secondary-enrichment zones, are 
shallow in Japan, because of the rapid rate of erosion. Ordinarily the depth of 
the zones of leaching and enrichment is less than 20 meters. An exception 
occurs at the Tsuchihata mine, Iwate Prefecture, where the oxidized zone is 70 
meters thick and the zone of secondary enrichment is 50 to 70 meters thick. 

3. Earthy Ore (page 173).—Usually this type is yellow-brown, but it may 
be almost any color. Zoning is as follows: (1) surface, earthy ore that remains 
after soluble materials are washed away; (2) zone of oxide enrichment, but 
partly leached as well as enriched; (3) zone of secondary sulfide enrichment ; 
(4) bottom, primary ore. 

4, Secondary Sulfide Enrichment (page 177).—The relationship among the 
secondary minerals in black ore is quite varied, as is indicated by the following 
table of replacement : 


Pyrite, replaced by bornite and chalcocite. 
Chalcopyrite, replaced by bornite and chalcocite. 
Chalcocite, replaced by bornite. 
3ornite, replaced by chalcopyrite and chalcocite and covellite. 
Sphalerite, replaced by bornite. 


Covellite occurs as veinlets in the above minerals and hence is thought to 
be of a later stage than the bornite and chalcocite. Covellite cuts galena also. 

Where galena contains bornite, the latter always is cut by bands of chalco- 
pyrite with definite orientation. 

At Hanaoka, chalcopyrite and bornite have been found in solid solution 
intergrowth. 

5. Erosion (page 181).—Generally the zone of secondary enrichment does 
not extend more than 20 feet below the present ground-water table, but in ex- 
treme cases it extends as far as 100 feet below. Obviously the present water 
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table does not correspond to the zone of secondary enrichment. For example, 
the Doyashiki deposit of the Hanaoka mine was once exposed by erosion, was 
buried under 80 feet of terrace gravels, and the gravel was partly eroded. 
Even the zone of oxidation is below the present water table. 

Some of the other deposits were eroded too quickly to form a zone of 
enrichment. 


CHAPTER VII. ORIGIN. 


1. Earlier Theories (page 184).—Every possible theory for the origin of 
kuroko deposits apparently has been advanced, as outlined in the Introduction. 

2. Source (page 187).—The material in the kuroko deposits and the rocks 
with which the deposits are associated, came from the same magma reservoir. 
The mineralogy indicates that the deposits were altered by low-temperature 
hydrothermal solutions. It is not known whether the material was gaseous or 
liquid when it passed from the magma reservoir to the site of ore deposition. 

3. Solutions, Acidic or Alkaline (page 190).—Because of the abundant 
barite, gypsum, and chalcedony, it is presumed that the black-ore bodies were 
deposited directly from hydrothermal solutions. These solutions are believed 
to have been alkaline for several reasons: 1, pyrite and sphalerite are deposited 
from alkaline solutions; 2, no minerals invariably deposited from acidic solu- 
tions are present; 3, the propylitization common around black-ore deposits is 
limited to alkaline solutions, and alunitization has not been discovered ; 4, mar- 
casite and wurtzite are limited to secondary occurrences; 5, calcite and arago- 
nite are not generally deposited from strongly acidic solutions; 6, the clay 
below the water table is composed of sericite ; and 7, silicification of the country 
rock is common and is ascribed to alkaline silicic acid, which is also the solvent 
for alkaline sulfides and carbonates. 

Barite and gypsum are accounted for by the entrapment of sulfurous acid 
gas below impervious rocks and the subsequent precipitation of those minerals. 

The process is summarized in this way: Hydrothermal solutions highly 
charged with alkaline silicic acid and alkaline sulfides, upon coming into contact 
with ascending carbon dioxide and sulfur dioxide gases, formed the siliceous 
and yellow ore. Then the black ore was precipitated from solutions highly 
charged with alkaline carbonate and alkaline sulfate derived from the previous 
reactions. Free acid would not be necessary. The solutions from which the 
kuroko deposits were derived are believed to have been colloidal. 

4. Process (page 195).—The conclusion reached is that the kuroko type of 
deposit was formed by hydrothermal replacement. Evidence for this is: 1, 
crystallized ore minerals replaced country-rock minerals; 2, crystals of ore 
minerals traverse sedimentary laminae; 3, barite is found in igneous rocks; 
and 4, the ore contains remnants of rock structures such as stratification, and 
also phenocrysts, breccia, and fossils. 


CHAPTER VIII. DESCRIPTION OF THE DEPOSITS (PAGES 199-263). 


In all, 174 ore bodies are described briefly in this chapter, but the chapter 
is not summarized because the subject has been covered more fully in another 
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translation in the files of the Natural Resources Section of the Occupation 
Forces in Tokyo.*® 
Joun J. Cottrns.® 
U. S. GEoLocIcaL SuRVEY, 
WasHInNcTON, D. C., 
March 23, 1950. 


SPONSORED VISITS TO THE UNITED STATES AND THE 
JAPANESE RECOVERY PROGRAM. 


Sir: Those concerned with the Japanese economic rehabilitation program 
have sought to insure maximum utilization of Japanese resources to reduce 
the cost of the program to the United States. In the mineral field some suc- 
cess has been achieved. However, Japan’s mines, over-exploited prior to and 
during World War II, lack ore reserves to support increased mineral output 
on a long-term.basis. In establishing the necessary geological exploration 
program it was determined that the Japanese lack proper appreciation of the 
role of mining geologists. Even though a mining geologist is on the mine 
staff, his services often are not properly utilized. 

A similar situation exists in the petroleum industry in which most recent 
advancements made in petroleum geology in the United States and elsewhere, 
are unknown to the Japanese. This has seriously interfered with the effective- 
ness of the exploration program being conducted under the guidance of the 
Natural Resources Section, General Headquarters, Supreme Commander for 
the Allied Powers. 

To supplement the advice and guidance on geology being provided to the 
Japanese by consultants on duty with the Natural Resources Section, Japa- 
nese geologists and engineers are being sent to the United States to study or- 
ganization and practice in government agencies, mining companies, petroleum 
companies, and educational institutions with respect to geology. Trip itiner- 
aries for the Japanese participating in programs sponsored by the Natural Re- 
sources Section are prepared by the Section after assurance of cooperation is 
received from organizations in the United States, to insure that maximum bene- 
fit will accrue to the technologist and to permit planning by the cooperating 
organization. 

The program has been initiated with the visit to the United States of Mr. 
Tikawo Nishiwaki, geologist, of the Mitsui Mining Co., who acts as a techni- 
cal consultant to the Natural Resources Section. Mr. Nishiwaki visited min- 
ing camps in central and western United States, educational institutions, and 
the offices of the United States Geological Survey following an itinerary es- 
tablished with the assistance of Dr. Alan M. Bateman, Silliman Professor of 
Geology, Yale University. Since his return to Japan, Mr. Nishiwaki has lec- 
tured extensively on his findings. As a direct result, one major mining com- 


5 Kinoshita, Kameki, Mines of the black ore type: Kyushu Inst. Mining Jour., 110 pp., 1940. 

6 Geologist, U. S. Geological Survey, formerly assigned to the Natural Resources Section, 
General Headquarters, Supreme Commander for the Allied Powers, Tokyo, Japan, by arrange- 
ment with the Office of the Chief of Engineers, U. S. Army. 
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pany has reorganized its geological staff in accordance with American pro- 
cedures as set forth by Mr. Nishiwaki, and the Japanese are planning revision 
of geological education. 

Continuing the program, Japanese petroleum engineers and geologists are 
touring California and Texas, returning to Japan in February 1950. Two 
petroleum geophysicists are scheduled to visit the United States to undertake 
studies supplementing the work of the geologists. Other visits are planned. 

The cooperation of the agencies of the United States Government, mining 
companies, petroleum companies and educational institutions, in assisting the 
Japanese geologists, has been most gratifying. There is little question but 
that the studies made by the Japanese in the United States will do much to 
improve geological work in Japan and in turn reduce the cost of the Occupa- 
tion to the United States. 

Rosert Y. GRANT. 

NATURAL REsourRCES SECTION, 

GHQ, SCAP, 
Tokyo, JAPAN, 
Feb. 22, 1950. 








DISCUSSIONS 


SYENITIC CORUNDUM PEGMATITES NEAR 
BOZEMAN, MONTANA. 


Sir: In a recent communication S. E. Clabaugh* has stated his disagree- 
ment with the theory of origin of the corundum deposits southwest of Boze- 
man, Montana, as set forth by the writer in a summary of the pegmatites of 
Montana ” and has proposed an alternative hypothesis. The writer welcomes 
this discussion as an opportunity to clarify geological thought on these deposits 
and to summarize conflicting viewpoints as to their origin. The possibility of 
a non-pegmatitic origin was certainly considered while the deposits were stud- 
ied by the writer, but discussion of it could not be included in the original 
lengthy paper. Arguments for a pegmatitic origin may be summarized as 
follows : 

1. It is true that the general structure of the bodies is conformable. This 
is, however, not evidence, per se, against a pegmatitic origin. Many districts 
have pegmatites that are predominantly sill-like in structure and do not trans- 
gress wall rock foliation ; very commonly pegmatitic injection is of the lit-par-lit 
variety. Pegmatites utilize whatever planes of weakness are available, and 
with great depth, where fracturing cannot be supported, wall rock foliation 
commonly is the only guiding structure available. Structural control of the 
emplacement of some of the larger corundum sills was afforded by contacts 
between dissimilar rock types, as for example between quartzite and hornblende 
gneiss. 

2. The corundum bodies do show considerable variation in thickness over 
short distances, although, as Clabaugh points out, some are relatively uniform 
for hundreds of feet. Other bodies double their thickness within short dis- 
tances, as for example, in the Bureau of Mines Shaft and workings therefrom 
at the Montana deposit. Granitic pegmatites of uniform thickness and tabular 
shape are common. 

3. Several well exposed sills end in broad blunt noses. At the Bear Trap 
deposit a large lens splits into two arms with a wedge of gneiss between them. 
This also is true of a sill in the northwestern drift of the Elk Tunnel at the 
Montana deposit. Some other lenses feather out into separate short stringers. 

4. Direction of plunge may be measured on keels and crests. Corundum 
concentrations within the bodies may also have a measurable direction of 
plunge—a property characteristic of mineral concentrations in other types of 
pegmatites. 

5. In the Elk Adit at the Gallatin deposit a corundum-bearing sill grades 
along the strike into typical granitic pegmatite and back into typical corundum 


1 Econ. Geot., vol. 45, pp. 254-257, 1950. 
2 Econ. Geot., vol. 44, no. 4, pp. 307-335, 1949. 
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rock. This is not merely a happenstance of the intersection of granitic pegma- 
tite with corundum syenite. 

6. The deposits contain typical pegmatitic minerals: microcline-perthite, 
tourmaline, apatite, and zircon. The concentration of baddeleyite, in part in 
relatively well formed crystals, also is noteworthy. 

7. Most sills, especially those within hornblende-rich wall rocks have seams 
and zones of vermiculite along their contacts, which may be as much as a foot 
wide. Such contact metamorphic aureoles typically result where pegmatites 
and their accompanying solutions react with basic wall rock. The Libby, Mon- 
tana, vermiculite deposits described in the same paper were formed under simi- 
lar conditions and also by syenitic pegmatites. 

8. The lenses are distributed over relatively short distances—short as com- 
pared to the continuity of enclosing wall rock units. They occur in typical 
swarms of about a dozen, scattered over several horizon levels. Only three 
restricted areas of occurrence are known. This peculiar pattern of localized 
distribution is difficult to reconcile with the hypothesis of metasedimentary 
origin, especially since the undoubted metasedimentary units of the country 
rock, which should have been laid down under similar conditions, are persistent. 

9. The rocks are similar to deposits elsewhere in the world believed to be 
pegmatitic in origin. Reiteration is, of course, hardly convincing argument, 
but it illustrates that the writer’s viewpoint is not unique but corresponds to 
conclusions reached independently by other geologists. 

10. Finally, the Bozeman corundum deposits differ completely from corun- 
dum deposits as discovered and mapped by the writer in the Cherry Creek 
Series near the Crystal Graphite mine southeast of Dillon, Montana. The 
Dillon deposits very likely are of metasedimentary origin and their field rela- 
tions, texture and petrology do not resemble those of the Bozeman deposits. 
The Dillon material is associated with marbles and biotite schists. Small, dark 
blue-gray, barrel-shaped corundum crystals, some of which are zoned, are con- 
centrated and oriented in layers in a fine-grained schistose rock. No feldspar 
halos are present and pegmatitic material is absent. Sillimanite, also, has not 
been observed. Disseminated corundum crystals occur in the associated biotite 
schist as well. 

The writer does not believe that the pegmatites as they appear today are 
unmodified. Mineralogical and textural changes have certainly been induced 
within them after consolidation. Clabaugh believes that the transition has 
been from “. . . impure potash—rich clays (illite) or sericitic muds containing 
iron oxides and minor quantities of other impurities.” to sillimanite gneiss 
formed by regional metamorphism and finally to coarse-textured corundum 
perthite rock developed by “. . . highly localized recrystallization ... ,” in 
which “. . . conditions of high temperature and mobilized solutions approach 
contact metamorphic conditions.” On the other hand, the sequence of events 
as postulated by writer is: intrusion of syenitic pegmatites and their localized 
modification shortly after consolidation by solutions genetically related to the 
pegmatites themselves. 

Clabaugh requires two metamorphic phases for which the regional geology 
offers no evidence. It would be strange indeed if his “mobilized solutions” 








380 DISCUSSIONS. 


had confined their activity to certain small portions of quantitatively unimpor- 
tant layers and had blithely ignored more abundant other rocks of potentially 
reactive composition through which they were required to pass. 

The chief changes in the rocks have been in the transformation of microcline 
to muscovite and of biotite to sillimanite. The writer agrees that corundum 
has not been converted to sillimanite. On the other hand, it does not seem 
likely that sillimanite has been transformed into corundum, as Clabaugh postu- 
lates. Indeed he states that “. . . sillimanite is absent from a very narrow 
zone immediately adjacent to the corundum . . .”—a fact that may be ex- 
plained by the previous absence of biotite in the feldspar-rich shells surrounding 
the larger corundum crystals. The sills are characterized by the presence of 
corundum throughout, but sillimanite is not uniformly distributed, and the 
proportion of that mineral varies radically. Many concentrations lie along 
contacts between corundum sills and wall rock or occur as discontinuous, pos- 
sibly fracture-controlled, tabular masses in corundum rock. Where sillimanite 
is most abundant, it generally appears as unusually coarse, radiating masses of 
needles in which large corundum crystals still remain. In short, the corundum 
and sillimanite are not interdependent in their distribution. 

Certainly the deposits are unusual and have had a peculiar history. Much 
of the textural “evidence” for age relations is open to subjective influences in 
interpretation. Probably the most satisfactory conclusions regarding the gene- 
sis of these deposits can be reached only after detailed investigations on the 
mineralogy, petrology, stratigraphy and structure of the Montana pre-Beltian 
rocks have been completed. These studies, which have been continued by the 
writer and his students for nearly four years, form part of the geological pro- 
gram of the Montana Bureau of Mines and Geology, under'the direction of 
Dr. Francis A. Thomson. 

E. Wo. HeErnric#. 

Dept. oF MINERALOGY, 

University oF MICHIGAN, 


ANN Arpor, MICHIGAN, 
Jan. 12, 1950. 
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An Introduction to Luminescence of Solids. By Humsotpt W. LevERENz. 
Pp. 569; tbls. 23; figs. 143. John Wiley & Sons, Inc., New York, 1950. 
Price, $12.00. 


This unusual book crosses the fields of chemistry, crystallography and physics, 
yet withal is written for nonspecialists in luminescence. It also serves as a text 
for specialists and scientists to learn about solid matter and its interactions with 
radiations and to use phosphors (not phosphorus) for detecting radiation and 
material particles. 

The author points out that fluorescence was first used to denote the short after 
glow of fluorspar, and phosphorescence to denote the long after glow of phosphors. 
He defines luminescence to denote a process of generating radiation during and 
after excitation, thus including fluorescence and phosphorescence. 

The author, in the first 5 chapters, covers the fundamental features of the 
chemistry, crystallography and physics of phosphors, and in the last two chapters 
gives the properties and limitations of the most useful phosphors with procedures 
for application and use. The chapter headings are: The Elements of Matter and 
Luminescence; Solids (crystals) ; Syntheses of Luminescent Solids (phosphors) ; 
Constitutions, Structures, and Energy Levels of Phosphors; Luminescence of 
Phosphors; General Properties of Phosphors (résumé of useful phosphors) ; Uses 
of Phosphors. Five appendices are: Preparation of pure ZnS, CdS, and ZnSe; 
Proportions of isolated and structurally adjacent impurity atoms, assuming a ran- 
dom distribution ; Interconversion of some units of luminance (surface brightness) ; 
General spectral characteristics of luminescence (radiescence) ; Summary of some 
magnitudes and structures involved in the luminescence of solids. There is in- 
cluded a “Glossary of frequently used symbols and constants,” a formula, name, 
and subject index, and over 1,000 references. 

This authoritative book is the broadest coverage in the field and will prove of 
interest to crystallographers, mineralogists, chemists, physicists, and all workers 
in radiation. 


The Amadeus William Grabau Memorial Volume. Pp. 408; numerous figures, 
plates, tables, and photographs. Geol. Soc. China Bull., Vol. 27, Nanking, 
November 1947. 


As the title indicates, the Geological Society of China dedicated this bulletin 
to Professor Grabau, “scientist, author, teacher and organizer.” 

Besides containing many interesting articles on various aspects of Chinese 
geology, the volume starts with four articles on Professor Grabau. His photo- 
graph on the frontispiece gives the impression of a missionary, a missionary of 
science. The Chinese poem which follows, with its English translation, shows 
the unperishable memory Prof. Grabau left to those who worked with him. In 
a biographical note Y. C. Sun relates the many accomplishments of Prof. Grabau 
in China, where he organized the Geological Society, the Paleontological Society 
and the Peking Society of Natural History. The impressive list of his 291 pub- 
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lications shows what an untiring researcher and writer he was, in spite of his many 
other activities. A memorial by Sven Hedin and a minute on his life and scientific 
labors by William King Gregory complete the picture of one of the eminent 
American paleontologists and geologists. It is indicative of his achievement that 
his memory be honored equally by Americans, Swedes and Chinese. 

The Geological Society of China is to be congratulated for having dedicated 
this volume to its founder. 

) M. L. MIGNONE. 


Les Gemmes et les Perles dans le Monde. By Frr1x Hermann. Pp. 165. 
Payot, Paris, 1949. Price, 330 fres. 


Although the author is a geologist who has studied the exploitation of metallic 
mines, and more particularly pegmatites, he has written a book that reads more 
like a novel than a scientific book. He has put together a series of stories of 
famous jewels, old legends, anecdotes on the part played by precious stones in 
the cultural evolution of humanity. The various chapters deal with pearls, emer- 
alds, jade, various other precious stones, varieties of quartz, yellow amber, coral, 
diamonds, the magic, treasures and superstitions of precious stones. The last 
chapter is on the economic importance of the precious stones, with their geographi- 
cal location, production and chemical composition, but unfortunately is not up to 
date. The style is agreeable, but we should have liked to see photographs of the 
stones described. It should be of interest to those who like legends. 

) M. L. MicNone. 


Introduction to College Geology. By CuHauncey D. Hotmes. Pp. 429; figs. 
312; tables. The Macmillan Company, New York, 1949. Price, $4.00. 


The author here charts a new course in introductory text _bookj. He inter- 
weaves physical and historical geology into a single unit and carries it as a con- 
tinuous story throughout. The introductory chapter is followed by: the Planet 
Earth, minerals, igneous and sedimentary rocks and minerals, followed by the eras 
from Archeozoic to Cenozoic with outstanding events and life, and then ice age, 
history of man, rivers and landscapes, groundwater, winds and petroleum. There 
are two supplements on the identification of minerals and of rocks. The illustra- 
tions are mostly good ones. It should prove a good book for an abbreviated ele- 
mentary course. 


Engineers’ Dictionary, Spanish-English and English-Spanish, 2nd Edit. By 
Louis A. Ross. Pp. 664. John Wiley & Sons, Inc., New York, 1949. Price, 
$12.50. 


The first edition of this book appeared during World War II when paper and 
labor shortages and lack of sales served to reduce the size of books. This second 
edition has been expanded almost a half to include a great many more terms and 
make it more useful. Also the author has had the benefits of criticisms and sug- 
gestions from his Spanish readers which could be incorporated in a larger second 
edition. 

This book will serve a useful purpose to engineers, geologists, chemists, and 
all others who have to deal with engineering terms. 
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CHARLES H. SMITH. 


Contributions to the Data on Theoretical Metallurgy. XI. Entropies of In- 
organic Substances. Revision (1948) of Data and Methods of Calculation. 
K. K. Ketiey. Pp. 147; tbls. 8. U.S. Bur. Mines Bull. 477, Washington, 
2 C3950: 


Illinois Geological Survey—Urbana, 1950. 


Rept. Inv. 146. Application of Mineralogy to Soil Mechanics. 1. Some 
Fundamental Factors Influencing the Properties of Soil Materials. 2. 
The Composition in Relation to the Properties of Certain Soils. RALpu 
E. Grim. Pp. 18; figs. 12; tbls. 3. 


Circ. 149. Where to Find Information on Mineral Raw Materials. M. M. 
LEIGHTON. Pp. 8; figs. 3. 


Circ. 156. Acid Etching in the Study of Limestones and Dolomites. J. E. 
LAMAR. Pp. 47; figs. 22. 


Circ. 157. Present State of Knowledge Regarding the Pre-Cambrian Crys- 
tallines of Illinois. Roserr M. Grocan. Factors Affecting Measure- 
ment of Permeability of Unconsolidated Glacial Material. Roxserr D. 
Knopie. Facies Analyses of the Niagaran Rocks. Hrtnz A. Lowen- 
stAM. Physical Characteristics of the Odlite Grains of the Ste. Gene- 
vieve Formation. Raymonp S. Surope. Pp. 22; figs. 9. 


Circ. 162. Olmsted Fuller’s Earth as a Bonding Clay for Foundry Use. 
Ratpu E. Grim. Pp. 5. 


List of Publications on the Geology, Mineral Resources, and Mineral Indus- 
tries of Illinois. Pp. 79. 


The Ground-Water Resources of Albany County, New York. Tueropore Ar- 
Now. Pp. 56; figs. 6; tbls. 5; maps 2. New York Water Power and Control 
Commission Bull. GW-20, Albany, 1949. Geography, geology and ground- 
water. 


Geology of Holmes County. Gerorce W. Wuitr. Gas and Oil. Raymonp E. 
LaMBORN. Pp. 373; pls.5; maps 7. Ohio Geol. Survey, 4th Ser. Bull. 47, Co- 
lumbus, 1949. Physiography, stratigraphy (Mississippian and Pennsylvanian) 
and mineral resources. 


Grassland Historical Studies: Natural Resources Utilization in a Background 
of Science and Technology. Vol. 1. Geology and Geography. James C. 
Matin. Pp. 377; figs. 4. Lawrence, Kansas, 1950. Price, $2.50. In two 
parts—wood and minerals for fuel and building material; early history of the 
town of Kansas. 


Ontario Department of Mines—1950. 


Preliminary Report on Radioactive Occurrences in the Kenora Area. E. O. 
CuisHoLm. Pp. 4; map 1. 13 locations show uraninite and monasite in 
pegmatites assaying less than 0.5% U:0Os. 


Map 1950-2. Gullwing Lake-Sunstrum Area, District of Kenora, Ontario. 
Scale, 1 in. =1 mile. 
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Map 1949-2. Township of Osway, District of Sudbury, Ontario. Scale, 
1 in. = 1,000 ft. 


South Africa Geological Survey—Pretoria, 1949. 


Mem. 35, Pt. III. Fossil Mammals of the Vaal River Deposits. H. B.S 
Cooxe. Pp. 117; figs. 14; pls. 27. 


Mem. 43. Papers on the Mineralogy of Southern Africa. H. J. Net, C. A. 
STRAUSS AND Frans E. WickMAN. Pp. 74; figs. 4; pls. 24. Papers on 
hoegbomite, (Mg, Fe’)«(Fe*, Al) wTiOn, from the corundum fields of the 
eastern Transvaal; the Itzawisis pallasite, a new meteorite from Southwest 
Africa; lombaardite, CawF e*sAlxSissOw(OH)s, a new mineral from the Zaaip- 
laats tin mine, centrai Transvaal. 


Annales du Service des Mines, t. 14. Bruxelles, 1949. Pp. 23; figs. 12; map 1. 
Two papers: the gold district of Tanganyika and a preliminary report on the 
metamorphism of beds at Kikosa. 


Minerales, Nos. 30-31. Pp. 58. Santiago, Chile, 1949. Includes papers on micro- 
chemical analysis in petrography and on the petroleum industry. 


Memérias e Noticias. Coimbra University, Portugal, 1949. No. 23. Pp. 31. 
4 papers. No. 24. Pp. 19. Geology and genesis of the Portuguese chromite 
and platinum deposits. No. 25. Pp. 40. 2 papers. 


Argentina Direccién de Minas y Geologia—Buenos Aires, 1947-49. 


Pub. 136. Estadistica Minera de la Nacién, Afio 1944. Pp. 217; tbls. 44. 
Mineral statistics for 1944. 


Pub. 138. Estadistica de Petrdédleo de la Republica Argentina, 1946. Pp. 
70; tbls. 40. Petroleum statistics for 1946. 


Bol. 61. Explicacién de las Hojas Geolégicas 33m y 34m, Sierras de Cura- 
malal y de la Ventana, Provincia de Buenos Aires. Horacio J. Har- 
RINGTON. Pp. 43; maps 2. Description of the geography and the strati- 
graphic, tectonic and economic geology of sheets 33m (Sierra de Curamalal) 
and 34m (Sierra de la Ventana). 


Publicaciones de la Direcci6n General de Industria Minera. Pp. 37. List 
of publications of the Department of Mineral Industry. 


Annales II. Contribucién al Conocimiento de la Geologia Econémica de 
Entre Rios. I. RAFAEL CARDINI. Pp. 78; figs. 40; pls. 32. Contribution 
to the knowledge of the economic geology of the Province of Entre Rios— 
nonmetallics. 


Instituto de Fisiografia y Geologia—Rosario, Argentina, 1947-1949. 
H-196. Crénica Bibliografica; Mineralogia, Mineria, Petrografia, Geologia, 
Geografia y Paleontologia. Atrrepo CASTELLANOS AND PIERINA PASOTTI. 
Pp. 50. Annotated bibliography—mineralogy, mining, petrology, geology, 
geography and paleontology. 
Pub. 36. El Puelchense de Buenos Aires y su Fauna (Plioceno Medio). 
Cartos Rusconi. Pp. 142; pls. 17. Paleontology. 


Relatério de 1948. Pp. 154; numerous figures. Conselho Nacional do Pe- 
tréleo, Rio de Janeiro, 1949. Statement of the National Council of Petroleum 
for 1948. 
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ABSTRACTS OF PAPERS PRESENTED AT THE JOINT MEETING OF THE SOCIETY OF 
ECONOMIC GEOLOGISTS AND THE AMERICAN INSTITUTE OF MINING 
ENGINEERS, GEOLOGY DIVISION, NEW YORK MEETING, 

FEB. 12-16, 1950. 


STRUCTURE AND MINERALIZATION MAPS AS A GUIDE TO MINING 
IN THE PICHER MINING FIELD. 


JOSEPH P. LYDEN. 


This paper describes structure and mineralization in the Picher mining field and 
shows how structure contour maps, shale contour maps, and maps showing min- 
eralization and shearing are used to find orebodies. 

Regional deformation of post Warsaw-pre Pennsylvanian age produced most of 
the structures in which the orebodies are found. Structure is shown by sea-level 
datum contours, at 5 foot intervals on the top or bottom of a bed that is below the 
slump horizons, and on which the most reliable information is available. 

Shale contour maps, made on the bottom of the Cherokee shale horizon, are used 
mostly to indicate the post Cherokee slump areas that formed above large solution 
made openings in the underlying limestone horizons. 

Mineralization maps show the shearing and respective areas of mineralization 
in and around the shear zones. 

Each mineralized area is divided into three parts depending on the mineral or 
minerals found in each part. The minerals are dolomite, jasperoid, sphalerite, and 
galena. 

The dolomite area occupies the inner part of the area of mineralization. It 
contains coarsely crystalline dolomite that replaced the original limestone, and also 
contains pink dolomite crystals that deposited in openings. 

The sphalerite-galena area is the ore area. It lies between the dolomite and 
jasperoid areas but also contains both dolomite and jasperoid. 

The jasperoid area makes a fringe around the sphalerite-galena area, is the 
outer part of the mineralized area, and consists almost entirely of jasperoid and 
chert. It varies from a few feet to several hundred feet in width and its outer edge 
is bordered by limestone areas. 


CURRENT U. S. GEOLOGICAL SURVEY INVESTIGATIONS IN THE 
IRON RANGES OF NORTHERN MICHIGAN. 


HAROLD L. JAMES. 
A. Geologic Interpretation of Aeromagnetic Surveys. 


To date, the U. S. Geological Survey has surveyed about 4,000 square miles of 
the northern peninsula of Michigan with the airborne magnetometer. Traverses 
are at quarter-mile intervals and are flown at an elevation of 500 feet. 

Many of the Precambrian rocks contain sufficient magnetite to give rise to meas- 
urable anomalies. Certain types of iron-formation yield the largest anomalies, but 
other strong anomalies are caused by tuff and agglomerate layers in greenstone, by 
diabase dikes, by magnetite-bearing slates and schists, by meta-gabbro and meta- 
peridotite, and possibly by magnetite mineralization along fault zones. 
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Geologic interpretation is illustrated by the preliminary magnetic map of Dick- 
inson county. This area consists of several trough-like structures containing Hu- 
ronian strata (the Menominee range, the Calumet trough, the Felch trough, and 
the Sturgeon tongue) separated by blocks of Archean granite gneiss. The areas 
of Huronian rocks, in general, are marked by strong magnetic highs, most of which 
are related to iron-formation. Most of the intervening granite gneiss blocks are 
characterized by scattered small anomalies. A profound angular unconformity in 
the Floodwood area, in northen part of the county, is strikingly confirmed by trun- 
cation of east-trending anomalies in the crystalline block by the northwest-trending 
anomaly of the middle (?) Huronian strata. 


B. Some Aspects of the Petrography of Iron-formation. 


The iron-formation rocks can be conveniently divided into four primary sedi- 
mentary facies—oxide, carbonate, silicate, and sulfide—depending upon the domi- 
nant original iron mineral. Present studies have led to the conclusion that the 
oxide facies, consisting of banded chert and hematite, was the most widespread pri- 
mary rock type. This viewpoint represents a considerable departure from that ex- 
pressed in older reports in which these “ferruginous cherts” were considered to be 
products of oxidation of carbonate or silicate iron-formation. 

The characteristic feature of the primary oxide rock is the oolitic or granular 
structures of some of the chert layers. These structures consist of rounded or 
elliptical grains made up either entirely of hematite, or of one or more rings of 
hematite around a core that is most commonly of chert but which may be a clastic 
quartz grain. The matrix is chert. Oolitic or granular structures such as de- 
scribed never occur in carbonate iron-formation, and they differ in important re- 
spects from the granular structures found in silicate-rich parts of the iron-formation 
of the Mesabi. Except for the presence of chert, the oxide facies as defined here 
is remarkably similar to oolitic hematites of Paleozoic and Mesozoic age in other 
parts of the world. 

Metamorphism of the oxide facies is illustrated by photomicrographs of speci- 
mens from various Michigan localities. The changes consist chiefly of simple in- 
crease in grain size of both the chert and the hematite. In the highest grade zones, 
small amounts of grunerite and garnet are, developed. 


“NEV ADAN”—“LARAMIDE”-TERTIARY UPHEAVAL AND RELATED 
ORE DEPOSITS. 


EDWARD WISSER,. 


Folding of strata is commonly ascribed to lateral compression in the crust caused 
by contraction over a shrinking core. “Orogeny” usually denotes folding. Many 
mountain ranges supposedly formed by folding under tangential compression. 

An uplift caused by vertical forces bulges the crust; the bulge plate stretches 
and thins. A plastic arched plate thins by “flow” from the crest down each flank. 
Flow is cumulative down the flank, attaining a maximum at the foot, where the 
material piles against the passive frame and thickens by folding and thrusting. The 
thrusts dip under the arch, steepen in that direction and flatten away from the arch, 
where they may work out over the erosional surface of the frame. This “erosion 
thrust” movement conveys material flowing down the flank out over the passive 
adjoining frame, and is far more extensive than “reverse” movement on the same 
fault at depth, where the thrust steepens and “roots.” 

A brittle arched plate is stretched by gaping tension fissures until continued up- 
lift breaks it into blocks, which topple each way down the flank, stretching and 
thinning the arched plate. 

Cordilleran folding and faulting may largely be explained as adjustments along 
flanks of vertical uplifts marking the expansion and rise of the Cordilleran geanti- 
cline from the Jurassic through the Tertiary. With thick sediments intense folding 
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and thrusting fringed the uplifts; with thin cover, uplift was by faulting and 
flexing. 
The above ideas throw light on the genesis of Cordilleran ore deposits. 


STRUCTURAL CONTROL OF SOME GOLD-BASE METAL VEINS 
IN EASTERN GRANT COUNTY, OREGON. 


RHESA M. ALLEN, JR. 


The gold-base metal deposits of the Greenhorn Mountain area, a part of the 
Blue Mountains of Eastern Oregon, are contained in Carboniferous argillites and 
greenstones, Jurassic (?) gabbro and ultramafics, late Jurassic or early Cretaceous 
biotite-quartz diorite, and early Tertiary (?) porphyritic and granophyric dikes. 
A fracture pattern consisting of a major strike-slip fault of west-northwest trend, 
several smaller northwest strike-slip faults, and north-northeast high-angle reverse 
faults is the dominant structural feature of the Greenhorns. This fracture pat- 
tern cuts all of the above mentioned rock with the exception of the dikes which are 
contained within all reverse faults and some of the strike-slip faults. 

The gold-base metal veins and lodes are chiefly fissure fillings; a few are com- 
bined fissure fillings and replacements. Many of these deposits contain appreciable 
amounts of pyrite and arsenopyrite, and most of them contain minor quantities of 
sulfides of lead, copper, and zinc, with small amounts of silver and gold. The gold 
is the only metal of commercial interest. 

All veins and lodes are associated with the dikes occupying the zones of high- 
angle reverse faulting. They are most common and attain their greatest develop- 
ment on the underside of the dikes, forming what may be called “footwall” veins, 
and ore shoots occur along local flattenings of the dip of the fault surface. A few 
lie above the dikes as “hanging wall” veins. Additional ore shoots are associated 
with minor gash fractures that branch off the reverse faults. 


THE GENETIC CLASSIFICATION OF THE HYPOGENE MINERAL 
DEPOSITS (PART I) 


HARRISON SCHMITT. 


Genetic theory and derived classifications have varied in extreme cycles. There 
are now objections to the Lindgren classification. A proposed provisional classi- 
fication is outlined. 


METHODS USED TO DETERMINE GRADE AND RESERVES 
OF PEGMATITES. 


LINCOLN R. PAGE AND JAMES J. NORTON. 


Experience has shown that to determine grade and reserves of a pegmatite it is 
necessary to obtain detailed geologic and mineralogic data on the type, the attitude 
and shape, and the internal structure of the pegmatite. Most deposits of industrial 
minerals in pegmatites are in zones. The zones strike, dip, and plunge parallel to 
the pegmatite as a whole, and consequently their extensions in depth can be predicted 
with reasonable accuracy. Relatively few deposits occur in fracture-filling units 
and replacement bodies. Extensions of such deposits are less readily predicted than 
extensions of zones. 

The mineral content of most zones remains essentially constant in a direction 
parallel to the structure, but it changes across the structure. The variation in min- 
eral content of a replacement unit from place to place is more marked and less 


1 Published by permission of the Director, State Department of Geology and Mineral Indus- 
tries, Oregon. 
2 Published by permission of the Director, U. S. Geological Survey. 
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constant than in zones. The grade may be determined by assays, grain measure- 
ments, or production records and may be expressed as (1) percentage of mineral, 
(2) percentage of recoverable mineral, (3) percentage of oxide or element, (4) 
dollar value of the industrial minerals per ton of rock, or (5) dollar value of re- 
coverable industrial minerals per ton of rock. 

Grade and reserves have been successfully predicted in several pegmatite dis- 
tricts, particularly in South Dakota, and it is believed that the pegmatites of these 
districts are similar to those mined in other parts of the world. 


THE GEOLOGY OF THE AGUILAR LEAD-ZINC MINE, ARGENTINA. 
FRANK N. SPENCER, JR. 


The Aguilar deposit, in northern Argentina, is a hypothermal lead, zinc, silver 
replacement deposit in calcareous quartzites of Cambrian age which had previ- 
ously been altered to tactites by a granite stock whose contact is from 150 to 250 
meters from the orebodies. The deposit lies between the granite and a post-tactite 
fault of some 3,000 meters displacement which provided the ore channel and also 
prepared favorable areas for later ore deposition by shearing the calcareous and 
skarn rocks. Both bedded and shear zone deposits occur. The mineralization and 
the granite are believed to be of late Tertiary age. 


EXTRACTS FROM NOTES ON GEOTHERMICS, 1949. 
C. E. VANORSTRAND. 


Lovering § made temperature surveys, using mercury maximum thermometers, 
in 11 churn drill holes in the San Manuel district, 40 miles north of Tucson, Ari- 
zona. The wells range from 720 to 1,000 feet in depth. The observations were 
analyzed with special reference to climatic changes and the generation of heat by 
oxidation in the pyritic sulfide veins. He emphasizes the possibility that heat from 
oxidation may be as useful in locating ore bodies as galvanic currents. Lovering 
suggests that thermal investigation should be carried further with better equipment. 

Jenness ® has contributed an important paper on permafrost with special refer- 
ence to Canada. He defines permafrost thus—“Any soil, or even bedrock, ir- 
respective of its texture, degree of induration, water content, or geological char- 
acter, in which the temperature has been continuously below freezing over a period 
of years (varying from several to perhaps tens of thousands) will be considered 
as permanently frozen ground.” 

An “active layer” in which the soil freezes and thaws is always present. Some- 
times there is a permanently unfrozen layer. The depth to permafrost varies from 
a few inches to several feet. 

Thermal conductivity is the important factor in promoting and preserving 
permafrost. This is due to the fact that freezing greatly increases the conductivity 
of the soil. A depth of 350 meters may be reached on the Arctic Coast of Siberia. 

Closely related to the problem of permafrost in Canada is the question of the 
relation of temperature gradients to the Ice Age. Ver Steeg ® interprets the marked 
convexity of the depth-temperature curves of 9 deep wells in Pennsylvania and West 
Virginia as due to the Ice Age. He assumes that this area in the United States 
was frozen to a considerable depth. In opposition to these conclusions are the re- 
sults of calculations by Birch* who concludes from his figure of schematic chro- 
nology and from his tables of heat flow in a semi-infinite solid subject to variable 
temperatures at one surface, that geothermal variations have been almost entirely 
obliterated from the temperature record. 

Temperature surveys in the United States were initiated in the early 1920's 
chiefly for the purpose of studying oil field structures. Today, attempts are being 
made to utilize earth temperatures for detecting convection cells which are sus- 
pected of being the forerunners of mountains. Mathematical researches were begun 
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in 1935 by Pekeris 14 and by Hales ** in 1936. Griggs 1® extended the mathematical 
theory, supplemented by experimental data, which indicated that mountains may be 
the result of large convection cells which move at the rate of a few centimeters per 
year. Today, attempts are being made to detect convection cells by means of tem- 
perature surveys on the basis that temperatures should increase with elevation. 

Benfield 7 concludes from his studies of a deep well about 40 miles west of 
Bakersfield, California, that under favorable circumstances it is possible that careful 
heat flow work could detect the existence of a convection cell. 

Birch 18 discusses the temperature data from five wells near the Colorado Front 
Range. Two assumptions are involved: 

(1) The upper or “granitic” layer possesses an average content of radioactive 
elements. 

(2) In the process of mountain formation the upper layer is thickened and pres- 
ent elevation is on the whole an indication of the amount of thickening. 

Hence, it follows that the flow of heat to the surface should be greater in moun- 
tainous regions, or more generally at high elevations, than near sea level. “The 
available observational data, admittedly inadequate, do not seem to bear out this 
expectation. Instead, the values of heat flow tend to cluster about 1.2 x 10° to 
1.3 X 10-*, regardless of elevation. Further confirmation is evidently needed of 
this apparent absence of correlation between heat flow and surface elevation; stud- 
ies of heat flow above 8,000 feet would be of the greatest value.” 


WHY HASN’T GEOPHYSICS BEEN APPLIED MORE INTENSIVELY 
TO THE MINING INDUSTRY IN THE PAST AND 
WHAT SHOULD BE DONE ABOUT IT 
IN THE FUTURE; 


) 


T. KOULOMZINE. 


In Canada, mining geophysics is successful because the problem is simple: out- 
lining ore outcrops and geology under a relatively thin mantle of glacial drift. 
More intensive application of geophysics to mining problems is hampered by the 
fact that the structural environment of an ore deposit is infinitely more complicated 
and more varied than the structures surrounding oil pools. Mining geophysical 
tools could stand considerable technological improvement, but progress is retarded 
by the comparatively restricted field of application of geophysics to mining and a 
corresponding shortage of funds. Technological research in mining geophysics still 
does not pay. The shortage of ore is not yet severe enough to start the mining 
industry on a vast program of research for new geophysical methods and instruments. 

Finally, there is the problem of education of both geologists and geophysicists 
as to what should be expected from a geophysical survey and how the services of 
a geophysicist should be used. The geophysicist, when doing his interpretation, is 
nothing but a geologist who has some extra tools at his disposal. He should enjoy 
the privilege of revising his interpretation many times just as a geologist is per- 
mitted and expected to do. 


ORES AND MINING IN THE ITABIRA IRON DISTRICT, BRAZIL. 
GILBERT WHITEHEAD AND JOHN VAN N. DORR, II. 


The Itabira district was opened as a gold district about 200 years ago, but about 
1910 British and American interests bought up the large iron ore deposits there- 
tofore neglected. Exploration was slow and exploitation did not start until 1942, 
when the Companhia Vale do Rio Doce was formed by an agreement between the 
Brazilian, British, and American Governments which was intended to provide Eng- 
land with a new source of low-phosphorus ore during the war. 

Reconstruction of the narrow-gage railroad to Vitoria and construction of the 
incomplete 25-mile stretch into Itabira, equipment of the mine, and construction of 
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port facilities took longer and cost more than anticipated. Refinancing was accom- 
plished in 1948 after several years’ delay ; and construction should be finished during 
this year. 

The ore at the top of Caué Peak will be mined in 50-foot trenches by mechanized 
equipment, transported in 15- and 30-ton trucks and semi-trailers to a crushing plant 
2% miles from the peak by road, there crushed in jaw and gyratory crushers, 
screened, and transported to storage bins 3,200 feet away by conveyor belt. There 
it will again be screened into three sizes and shipped to the coast. Projected mine 
capacity is 5,000 tons per shift; capacity of the railroad is hoped to attain 1,500,000 
tons per year. Present operations are on a makeshift basis, using what equipment 
is ready. Cumulative production is well over a million tons; 1949 production was 
450,000 tons. 

The grade of the ore is extremely high. Production during 1948, over 380,000 
tons, averaged, accoording to buyers’ analyses, 68.7% Fe (dry), 0.036% P, 0.52% 
SiO:, and 0.78% H:O. During the dry season, H:O goes as low as 0.18% in cargo 
lots. One cargo lot of Caué ore averaged 69.90% Fe, within 0.10% of theoretically 
pure hematite. 

The ore cannot be mined economically to give less than 0.20% phosphorus and 
so is not a true low-phosphorus ore. Phosphorus ranges between 0.025% and 
0.045% on a commercial basis, well within Bessemer limits. 

The pure hematite ores range in a continuous series from extremely hard mate- 
rial giving excellent lump ore, through mixed material, giving some lump ore, some 
blast furnace ore, and some fine ore, to pure fine ore which must be agglomerated 
to be used. Contacts between these physical types are irregular and unpredictable. 
Only the harder-type ores crop out, a fact which has led to an underemphasis on 
blast furnace type ore. 

The present operation on Caué produces between 20%. and 40% minus 14” ore. 
By screening the fines on a 10-mesh screen, about 60% of the minus 14” can be 
recovered, with an average grade of perhaps 67% Fe. 

The ore bodies in the Itabira district occur as lenticular or tabular masses in 
itabirite, a metamorphic rock originally similar to the jasper-hematite iron-formation 
at Lake Superior. The iron-formation is folded into synclines some of which, like 
Caué, are open and shallow, others of which, like Conceicao, are isoclinal and over- 
turned. The high-grade bodies are thought, on incomplete evidence, to be replace- 
ment deposits, possibly formed during and related to regional metamorphism. 

To mine many of the purer ore deposits, much itabirite must be stripped. This 
material is in large part incoherent and averages about 50% Fe. Experiments have 
proved that 67-69% Fe (dry) concentrate can easily be made with a Humphrey 
spiral without grinding. 

Present incomplete work does not permit close reserve estimates for the district 
but previous estimates of 100,000,000 tons of lump ore, 100,000,000 tons of softer 
ore, and 500,000,000 tons of lower-grade iron-formation do not seem overoptimistic. 


THE FUNCTION OF A MINE GEOLOGICAL DEPARTMENT. 
J. D. BATEMAN. 


The traditional functions of the mining geologist in the exploration for ore and 
development of ore shoots can, through stope mapping and supreior knowledge of 
the disposition of ore, be effectively applied to the extraction of ore in mining 
operations. 

The efficiently operated geological department in a mining organization is re- 
sponsible to management for: 


1. Surface exploration. 

2. Diamond drilling, surface and underground. 

3. Geological mapping, surface and underground. 
4. Sampling, including all underground sampling. 
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. Test holing of both stope and development walls. 


Maintaining geological plans and sections. 

Maintaining assay plans and sections. 

Preparing development layouts. 

Preparing orebody contour plans and sections. 

Timing, sequence, and bearing of development headings. 
Selection of mining boundaries for grade of ore. 
Distribution of broken muck between ore and waste passes. 
Sample and assay records. 

Broken and unbroken ore reserve estimates. 


In addition, the geological department is further co-responsible with the mining 


department f 
15. 
16. 
17. 
18. 
19. 


20 


Not only 


or: 
Planning stope layouts. 

Timing and sequence of stope preparation. 

Sequence of ore withdrawals for maintenance of grade. 
Control of dilution. 

“Clean” mining. 

. Production planning. 


does the mining geologist provide the most economical access to such 


ore as is found, but by using geological guidance in mining operations, he can fur- 


ther provide 


capable guardianship over that ore until it leaves the mine. 








SCIENTIFIC NOTES AND NEWS 


ALAN Prosert recently resigned from the U. S. Smelting, Refining and Mining 
Co. after 23 years in the service of this organization and its subsidiaries to return 
to Mexico for the Bureau of Mines in charge of the cooperative program which 
the Bureau’s foreign minerals region is carrying out with the Mexican Government. 


Donatp H. McLauGH tn, president of the Homestake Mining Co., and presi- 
dent of the A.I.M.E. for 1950, has been made chairman of the sub-committee on 
metal mining matters of the Natural Resources Committee of the U. S. Chamber 
of Commerce. 


Rosert H. RopeGway is in charge of ferrous minerals for the minerals division 
of the Bureau of Mines at Washington, D. C. 


The Industrial Diamond Review, of 41 Tudor Close, Belsize Avenue, London, 
N. W. 3, England, has compiled a list of about 170 different reprints relating to the 
diamond and the diamond industry. They are prepared to send free of charge 
copies of any reprints to interested readers of this journal. 


The Arizona GEoLocicaL Society was organized in Tucson. For the past two 
years it has been an unorganized informal group that has taken advantage of Tuc- 
son’s strategic location to ask visiting geologists to speak to the group. In line with 
sponsoring the symposium on Arizona Structures presented before the recent G.S.A. 
meeting in El Paso, a constitution was drawn up and officers elected as follows: 
John H. Feth, U. S. Geological Survey, Ground-water Branch, President; James M. 
Hill, consulting geologist, Tucson, Vice ,President; John W. Anthony, Arizona 
Bureau of Mines, Secretary-Treasurer; Advisory Council members elected for 
three year terms were B. S. Butler, Geology Department, University of Arizona; 
and Kenneth Wilson, American Smelting and Refining Company. Elected for two 
year terms were A. A. Stoyanow, Geology Department, University of Arizona; 
Samuel Turner, U. S. Geological Survey, Ground-water Branch, Tucson; and 
Roland B. Mulchay, Anaconda Copper Company, Cananea, Mexico. Elected for 
one year terms were T. S. Lovering, U. S. Geological Survey, Metals Section, Tuc- 
son; and M. N. Short, Geology Department, University of Arizona. 


Paut H. Jones, geologist in charge of ground-water investigations for the U. S. 
Geological Survey in Louisiana, went to Chile to aid that government in a study 
of underground waters affecting a major irrigation project. The work is to be 
undertaken at Chilean expense under the terms of Public Law 402, which provides 
under State Department auspices, scientific and technical assistance and training 
grants to the American Republics and countries of the Near and Far East. In 
drawing up plans for a sizable irrigation project, the Chilean Ministry of Public 
Works found that special studies by a recognized ground-water expert was needed 
to provide a basis for final decisions. 


GeorceE C. Taytor, Jr., geologist of the U. S. Geological Survey, has been de- 
tailed to New Delhi, India, to confer with officials of the Central Government and 
the Geological Survey of India on that country’s ground water problems. 
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GLEN F. Brown, geologist of the U. S. Geological Survey, has gone to Jidda 
to conduct a country-wide water survey at the request of the Government of Saudi 
Arabia. The study is to be carried on under the International Information and 
Educational Activities program of the Department of State and is expected to be of 
primary importance to Saudi Arabia in aiding future economic planning, including 
prospective reclamation and conservation programs. Dr. Brown, who has already 
done geological work in Saudi Arabia, will gather factual information on the loca- 
tion of potential as well as available water sources, both surficial and below ground. 
This will require research involving geology, hydrology, geochemistry and other 
scientific disciplines. 

The key to success in making Saudi Arabia more self sufficient in food stuffs 
lies in the direction of conserving rainfall, Geological Survey officials believe, in 
order to relieve the country, and particularly the western and central portions, of 
its dependency upon fickle annual rainfall. Saudi Arabia’s food situation becomes 
desperate, these officials point out, when droughts occur two or more years in suc- 
cession and the country is left with no reserve supply of water other than under- 
ground. In past years this supply has proved insufficient even for emergency needs. 
To support the widespread agricultural expansions now planned, therefore, addi- 
tional supplies must be found. 


Rosert A. MacKay has left the United States for an appointment with the Geo- 
logical Survey of Great Britain and has accepted consulting work in London, Eng- 
land, for West African mining interests. 


W. A. BrAMLETTE, geologist of the Carter Oil Company, gave a series of lec- 
tures on petroleum geology at the University of Minnesota April 10, 11 and 12. 
These lectures were sponsored by the William Harvey Emmons Fund at the 
University. 

James ALLAN FRASER has been awarded the E. J. Longyear Company Fellow- 
ship in Metalliferous Economic Geology for 1950-1951 at the Department of Ge- 
ology, University of Minnesota. A graduate of the University of Toronto and at 
present completing work for the Master of Science degree at the University of 
British Columbia, Vancouver, Mr. Fraser will conduct experimental work on the 
influence of high temperatures and pressures on the paragenesis of metallic ores. 


Behre Dolbear & Company announce the election of CHARLES WILL WRIGHT 
as a Director of the firm. 


Victor M. Lopez has changed the address of his consulting office at Caracas, 
Venezuela, to Apartado 2633. He is associated with various Venezuelan and North 
American engineers, associations and companies. 


Fei1x E. WorMser, vice president of St. Joseph Lead Company, has been elected 
president of the Mining and Metallurgy Society of America. James L. Heap, 
resident mining engineer of Anaconda Copper Mining Company, was made vice 
president. 


The Colorado Scientific Society announces that a price list of its available publi- 
cations, which date from 1885 to 1950, and deal chiefly with economic geology and 
mining, can be obtained at 214 New Custom House, Denver 2, Colorado. 


The Gold Medal of the Institution of Mining and Metallurgy has been awarded 
to Mr. Rosert ANNAN, Past-President of the Institution and Chairman of New 
Consolidated Gold Fields, Limited, in recognition of his distinguished services to 
the mining industry and the mining profession. 





394 SCIENTIFIC NOTES AND NEWS. 


The department of geology of the University of Minnesota has been granted a 
bequest of $18,000 from the estate of Mr. Junior HaypEN, a Minneapolis business 
man, naturalist, amateur photographer, geologist, and charter member of the Minne- 
sota Geological Society. During the past two years Mr. Hayden contributed nearly 
two thousand Kodachrome slides of geologic subjects to the department of geology 
at the University, representing a wide selection from the National Parks and Monu- 
ments of the western states and from numerous mining camps and iron ranges. 
The additional bequest will be used mainly to promote general education in the 
earth sciences. 

D. H. McLauGHLtin, president of the Homestake Mining Company, gave the 
Commencement address at the Michigan College of Mining and Technology exer- 
cises on June 5. He also was the recipient of the honorary degree of Doctor of 
Engineering. 

The Fifth Annual Field Conference of the Wyoming Geological Association 
will be held in southwest Wyoming on August 9, 10, 11. The conference will be 
headquartered in Kemmerer, Wyoming, for the entire time, but daily field trips 
ranging from the Uinta Mountains on the south to the Wind River on the north 
will allow the group to study the geology of a wide area of the Green River Basin 
and Western Wyoming overthrust belt. John F. Partridge is general chairman of 
the field trip committee. John Harrison, of the Argo Oil Corporation, is editor of 
the 1950 guidebook, and D. A. Moore, of the Superior Oil Company, has been 
named trip chairman in charge of actual field arrangements. Participants will 
register in Kemmerer the afternoon and evening of August 8. 


The University of Kansas, Department of Geology, announces the appointment 
of Dr. SANBoRN Partrince of Yale University as Instructor in Geology to teach 
work in structural geology and to take charge of the new seismological station. 














